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BCTYII

AKTYyaJIbHiCTh TeMHU. 32 OCTaHHI JECATHIITTA B CLILCHKOMY TOCIIOAApPCTBI
VYkpainu pi3Ko 3MEHIITUBCS 00CST 3aCTOCYBaHHs KaliiHUX 100puB. [ToTpedy y Hux
MOKPUBAIOTh, B OCHOBHOMY, 3a PaxyHOK IMIOPTY KaJlil0 XJOPHAY 13 CYCIAHIX
nepxaB. Bognouac Ha [IpukapnaTTi iCHYIOTh MOTYXKHI MOKJIAaAX MOJTIMIHEpaTbHUX
KaJIHHUX Pyl XJIOPUIHO-CYJIb(PATHOTO TUILY, IEPEPOOICHHS AKUX MOKE HE TIIbKU
MOBHICTIO 3a0€3MEUYUTH CUIbChKE TOCHOAAPCTBO YKpaiHH KalliiiHO-MarHi€BUMU
noOpuBamMH, 30KpeMa iX LHIHHUMU CyJdb(paTHUMHU (HopMaMH, aje i 4acTUHY 3 HUX
eKCIOPTYBATH. ICHYI0U1 TEXHOJIOT1i epepoOIeHHS TUX Py Yepe3 HasIBHICTh Y HUX
Jerko- 1 BaXXKOPO3YMHHUX  MIHEpPAJIiB  BUABWINCH  Majlo€PEKTUBHUMH,
CHEproBUTPaTHUMHM, CKJIQJHUMU B amaparypHoMy OQOpPMIJIEHHI Ta HeE
3a0e3rnedyBajii BUCOKOTO cTymneHs BuiydeHHa Kamito 1 Marnito B 1o0puBa 1
BUCOKOi  IKOCTI  CcyibpaTHUX KaJidHUX 1 KaJiliHO-MarHieBUX J0OpUB.
JocnikyBai  TpolecH KOHBEPCli 1 PO3YMHEHHS JIAaHTOCHHITY B PI3HHX
cepenouiax /. Jlearayep, A.b. 3nqanoBcekuid, I'.A. Akcenspyn, B.T. SABopcekuid,
T.B. Ilepekynko, /[.B. I'pebenrok, K.I. brnaxiBcekuii, O.M. XaneBuu ta iH. Y
pO3pOONEHNMX HUMH TMpollecax OJEpXk aHHS  KajliMarHesii  yTBOPIOBAJIUCH
HAJUIMILKOBI XJIOPUAMArHIEB] PO3UYUHH, K1 TOTPIOHO BUIIAPIOBATH.

['070BHOIO MPUYMHOIO HU3BKOT €(PEeKTHUBHOCTI ICHYIOUHUX TEXHOJOTIH €
HEMOCTINHICTh 1 0araTOMaHITHICTh CKJIANy PYH, Kl MICTSITh OJHOYACHO Ba)KKO- 1
JIETKOPO3YMHHI MiHepanu Ta 10 24 % TIMHUCTHX JOMIIIOK. 3a BIAOMHMU
TEXHOJIOTISIMU 13 pyJ BUJIy4alu TUIbKU XJIOPUIHI, XJIOPUIHO-CYIb(aTHI MIHEpAIH
# 4YacTKOBO JAaHrOEHHIT, a BaXKKOPO3UMHHI Cylb(aTHI MiHepanu (KI3epur,
noJiragit 1 Oulblla YacTMHA JIAHTOEWHITY) Mepexoquid y OaraTOTOHHaXH1
Binxonu. OpepkaHi BHUPOOHMYI PO3UMHM OyJId HEJOCTAaTHHO HACHUYEH1 3a
Cyiab(haTHUMH COJSIMH, TOMY 13 HUX BaXXKO OyJI0 ofiepaTH 0e3XJIopHuIHEe J0OPUBO.
Kpim Toro, B po3uuHi micisi KpucTtamizaiii 301bIIyBajack KOHIICHTPAIlis MarHiro
XJIOpUIY, TOMY 4YacTUHY MOro BUBOAWIM 3 TIPOIECy Ha TepepoOICHHS

OaratocTaJitHIM BUIIAPIOBAHHSM, 110 MPU3BOIUIIO IO YCKIIATHEHHS TEXHOJIOTII 1
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30UIBIIICHHS €HEProBUTpAT. 3anpoONOHOBAHO HH3KY VYAOCKOHAJIEHb 1CHYIOUYO1
TEXHOJOT1l, OJHAK BOHU JAIOTh 3MOTYy JIMIIE€ YaCTKOBO MIJBHIIUTH BHUTSIT
KOPHUCHHUX KOMIIOHEHTIB PyJIH B JOOpPHBO M HE BUKIIOYAIOTh OaraTocCTaaiiiHI Ta
CHeproBUTpaTHI  CTajii BUMAPIOBAaHHS Ta  HEOOXIAHICTH  BHKOPUCTAHHS
cemiaibHOr0 o0naaHaHHA. ToMmy MOCHIKEHHs, CHpPSAMOBaHI Ha TMOUIYK Ta
pO3pO0JICHHST BUCOKOS(MEKTUBHUX 1 EHEProoIaJHUX CHOCO0IB TepepoOIeHHS
noJiiMiHEepaIbHUX KamiiHux pyn l[lpukapnarts, € Oe3lnepedyHo aKTyalbHUMH 1
MaloTh BEJIMKE HAPOJHOTOCIOAAPChKE 3HAYCHHSI.

3B'A30k po6OTHM 3 HAYKOBMMM MNporpaMaMiu, IUIAaHAMH, TeMaMH.
JucepraiiiitHy poOOTy BUKOHYBAJIM 3T1IHO HAYKOBO-IOCIIAHOI TeMU MiHICTepCTBa
ocBiTH 1 Hayku VYkpainu «TexHosoriss O€3XJIOPUIHOIO KaJllHHO-MarHi€BOTO
n00puBa 3 KOHBEPCIEIO JAHTOCHHITY 1 XJIOPUIHUX MIHEPAJB 13 HATPIi CyabdaToM
y 1meHi™» (Homep nepxkaBHOi peectpamii 0113U006444), nnmanamu poOiT
HepxxaBHoro mianpuemMctBa «HayKoBO-OCHIIHUNM 1HCTUTYT Taldyprii», a TaKOX
HIOPIYHUMHU IUTAHAMU  HAYKOBO-JIOCHIIHUX pPOOIT Kadenpu oOpraHiyHOI Ta
anamtuuHoi ximii JIBH3 «IIpukapnarcbkuii HaillOHaJbHUN YHIBEPCUTET IMEHI
Bacuns Credanukay, e 1ucepTanT 0yjia BUKOHABIIEM.

Mera i 3aBaaHHsi JocCaigxkeHb. MeTow AucepTaliiHOi poOOTH €
po3pOo0IeHHST HOBOi €(EKTUBHOI TEXHOJIOTIT TEepPepoOJICHHS TMOJIIMiHEepaTbHUX
KaJIIITHO-MarHi€eBUX pyJ Ha cyib(paTHE KaldiliHO-MarHieBe JOOpUBO O€3 yTBOPEHHS
HAJUTUIIIKOBUX MarHiiXJIOPUIHUX PO3UHHIB.

J{nst JOCSTHEHHS 3a3HAYE€HOI METH HEOOX1/THO OYyJI0 BUKOHATU TaKi 3aBJaHHS:

- BHUBYMTH BIUIMB OCHOBHUX (pakTopiB (TeMmiepaTypu, Hacy, po3MIpy
YaCTHUHOK, CKJaJy pO3YMHY Ta TMOCTIAOBHOCTI BBEJCHHS KOMIIOHEHTIB) Ha
KOHBEPCII0 BAKKOPO3UMHHUX JIAHMOEHHITY 1 KI3epUTY Ta Kalilo XJOPUIY HATPirO
Cynb(aroM y MIEHIT 1 KPUCTAMI3aIlil0 MICHITY 3 PO3YWHIB IICIS PO3YUHCHHS
KOHBEPTOBAHOI Py/IH;

- JOCHIIUTH POIIEC PO3YMHEHHS MOTIEPETHHO KOHBEPTOBAHO1

MOJTIMIHEPATILHOT PY/IH;
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- pO3pOOHUTH TEXHOJIOTIIO TMepepoOJIeHHS pyau Ha OE3XJOpUJIHE KajiiHe
JOOpPHBO 1 BHU3HAUUTH TEXHOJOTIYHHUN PEXHM OKPEMHX CTafiil Ta mpolecy B
[[IJIOMY, BUKOHATH TEXHOJIOT14YHI PO3PaXyHKH;

- BUKOHAaTH  TEXHIKO-€KOHOMIYHY  OIIIHKY  PO3pOOJEHOi  TEeXHOJOTii
nepepoOIeHHs MoMIMIHEpaIbHUX Kamiiaux pya [Ipukapnarts.

06’exm 0ocnioxcenHsi — MPOIECU KOHBEpCii KalliiHO-MarHi€BUX MIHEpaliB
MOJIIMIHEPAIbHOT PYAN HATPil0 Cyab(haTOM, PO3YMHEHHS KOHBEPTOBAHOI pyAH 1
KpUCTali3alii IIEHITY 3 OTPUMAaHUX PO3YHMHIB Y TEXHOJOTIl Oe3XJIOpUIHOTO
KaJIIfHOTO 0OpHBa.

lIpeomem oOocniodwcenns — 3aKOHOMIPHOCTI MPOLIECIB KOHBEPCIi KalllifHO-
MarHi€BUX MiHEpaJiB HATPilO CyJIb(paTOM, PO3UMHEHHS KOHBEPTOBAHOI PyaH 1
KpUCTai3alii WeHITy, TEpMOJIMHAMIYHA IMOBIPHICTh Mepediry peakuiil KoHBepcli
1 HOBa TEXHOJIOT1s MIEPEPOOJICHHS MOJIIMIHEPATBHOI KaIMHOI py/IH.

Memoou oocnioxycenna. Y poOOTI BUKOPUCTAHO KOMIUIEKC CY4YaCHUX
METO/MIB TEOPETUYHHX Ta EKCHEPUMEHTAIbHHUX JOCHIIKEeHb. TeopeTnyHi
pPO3paxyHKHM Ta OOpOOJEHHS EKCIEePUMEHTaJbHUX JaHUX 3/1iCHIOBaIM 3
3aCTOCYBaHHsAM  KoMmm'torepHux  nporpam  Mathcad, Microsoft  Excel.
PentrenodazoBuii anani3z TBepAuX (a3 3A1MCHIOBAIM 3a JOMOMOTrOI0 aHajli3aTopa
JIPOH-3. Po3paxyHku maTepiaibHUX OallaHCIB 1 MIHEPaJIbHOTO CKJIaay TBEPAHX
¢a3 BUKOHYBaTM 3a JOMOMOIOI0 CHEIIAIbHUX KOMIT IOTEPHHUX MPOrpaM.
KonnenTpartito 10HiB BU3HAUYAIW 3a CTAaHAAPTHUMH METOJaMHU XIMIYHOTO aHaJi3y,
sokpema K' — BaroBum terpademinGopatHmm, Mg®* i Ca® -
KOMILTeKcOHOMeTpuuHEM, Cl — MepKypHMeTpHUHIM, SO — rpaBIMETPUYHUM
metonamu. Konnenrparito Na' BU3HAuaau 3a Pi3HULEIO €KBIiBAJIEHTIB aHIOHIB i
KaTIOHIB.

HaykoBa HOBH3Ha o/lep:kKaHUX pe3yJIbTATIB IMOJSIrae B TOMY, IO BIEpIIe
oJlepKaHl  3aKOHOMIPHOCTI Tepediry peakiiiii KOHBepCii BaXKOPO3UMHHHX
JAHTOCHHITY 1 KI3EpUTY, a TaKOX XJOPUAHMX KaJMIHHUX 1 KaJdiliHO-MarHi€eBUX
MIHEpaJIiB TMOMIMIHEPAIBbHOI KaMIMHOI pynu HaTpiro cyiabdatom y cymnbdaTHi i

npoiiecy nepepoOJieHHs KOHBEPTOBAHOI PyAu Ha OE3XJIOpUJIHE KaliiiHO-MarHi€eBe
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no0puBO, fAKI CKJIAIM TEOPETUYHY OCHOBY [JIsi CTBOPEHHS HOBOI TEXHOJOTIi
nepepoOIeHHsT TOJIMIHEpaTbHOI KalmiiHOI pyAM Ha Oe3XJIopuaHe KaliiHO-
MarHieBe JOOPUBO, B sIKiMl HE YTBOPIOIOTHCS BIJXOJIU MarHiMXJIOpUIHUX PO3UHHIB,
a came:

- BIIEpIlE BCTAaHOBJIEHO, IIO0 KOHBEPCIS 3BOJOKEHOTO JAHTOCHHITY, HATpPilO
cynbdaTy 1 Kamiio XJIOpUAY BiIOYBAa€ThCA y MDKKpPUCTaTIUHIA piakid dasi, B
nudy3iiHIA OMU3BKIA 70 MepexigHoi 00JacTi, B PE3yNbTaTi SIKOi yTBOPIOETHCS
IICHIT 1 HATPIIO XJOPUJ; MOPSAIOK peakiii nepedysae y mexax 0,18 — 0,22, mo
OIATBEP/DKYE 11 CKIAQAHUM XapakTep 1 HAaOMMKEHICTh 1O peakiiid HyJIbOBOTO
MOPSJIKY;

- BCTaHOBJICHO, 1110 3BOJIOKEHI JISTKOPO3UMHHI MiHEpaJi (CUJIBBIH 1 KaiHT) M1
JEI0 HATPIIO CyNb(aTy KOHBEPTYIOTh Y ILIEHIT 1 HATPIIO XJOpUJ, 0€3 YTBOPEHHS
MarHiro XJIOpHIY;

- BIEpIIE BCTAHOBJEHO, IO HAMBHUIIMNA CTYHiHb KOHBEPCIi 3BOJIOKEHOTO
JaHrOEWHITY 13 HATpIIO CyJdb(aroM 1 Kalilo XJOPUAOM JOCSTaeThcs 3a
temrepatypu 313 — 323 K; nns 9acTHMHOK JIaHrOelHITY po3mipoM 3 — 5 MM
KOHBepCIis 3aBepuryerbest mpotsiroM 5 — 10 mi0. ¥V nux ymoBax AocsSraerbcs
CTyIiHb KOHBepCii ki3epury 70 %.

- BCTAHOBJIEHO, II0 PO3YMHEHHSI KOHBEPTOBAHOI KaJiifHO-MarHi€Boi pyaud B
000OpOTHOMY IIEHITOBOMY PO3UHMHI JIOUUIBHO 3AiiicHIOBaTH npoTaroM 30-45 xB 3a
temneparypu oim3bko 343 K i crisBignomenns (1,8 —2,0):1.

IIpakTH4YHe 3HAYCHHSA OJECPKAHUX Pe3yJIbTATIB IOJATA€ B TOMY, LIO:

- 3alpONOHOBAHO  HOBMM  TEXHOJOTIYHUH  Mpolec  NepepoOsIeHHS
MOJIIMIHEPAJIbHOT KaMIMHOI Py KOHBEPCIEI KallIMHO-MarHi€BUX MiHEpaliB
HATPIIO CyJlb(aToM y MIEHIT 1 HATPito xyopua. ITicas po3unHEeHHS KOHBEPTOBAHO1
pyIyd Ta KpucTamizaimii 13 HAaCHYEHOTO PO3YMHY IIICHITY HE YTBOPIOIOTHCS
HAJUTUIIKOB] MAarHiiXJIOpHUJIHI PO3YMHU, BHACIIJOK 4YOTO BiJMagae moTpeda
0ararocTajifHOr0  BHUIMAPIOBAaHHS  pPO3YMHIB, 3HAYHO  CHOPOUIYEThCA 1
3MIEMIEBIIOETHCS TIPOLIEC, 3MEHIITYEThCSI EHEPrOEMHICTh BUpoOHUIITBa. Po3pobiena

TEXHOJIOTIS € €KOJIOT1YHOI0, OCKIIBKHM TBEP/Il BIAXOAU BUPOOHUIITBA — TajliTOBUM



9

3QJIMIIOK 1 TIMHUCTUHA MYJT — nepeAdadyeHo nojaBaTi Ha 3allOBHEHHS! BUPOOIEHHUX
[IAXTHUX MTyCTOT;

- OTpUMaHHMK 3a PO3POOJEHOI TEXHOJIOTIE MPOAYKT — KajiMarHesis —
MOBHICTIO BIATOBIJa€ BUMOTaM YNHHUX TEXHIYHUX YMOB;

- BUKOHaHa Yy3arajJbHEHa  TEXHIKO-€KOHOMIYHa  OIlIHKa  PO3pOO0JIeHOl
TEXHOJIOT1i MEPEKOHIMBO CBITUUTH MPO i1 EKOHOMIUHY €(DEKTUBHICTD 1 JOLUIBHICTh
IPOMUCIIOBOT peanizaiii. Bona Moxke OyTH OCHOBOIO [JIsi CTBOpEHHs Ha 0asi
BITUM3HSHOI CHPOBHUHU TMOTY>KHOTO BHPOOHMIITBA OE3XJIOPUAHOIO KaliiHO-
Mar"i€Boro g00puBa B YKpaiHi;

- HOBa TEXHOJOTIsI 0€3XJIOPUIHOTO KaJIMHOTO T0OprBa KOHBEPCIEID KaliitHO-
MarHi€BUX MIHEpaIiB HATPiIO cyib(haTroM Oy/ie BUKOpPHUCTaHA i 4ac po3poOIeHHs
TEO BiIHOBIEHHS BUPOOHMIITBA KaMIMHUX AOOpUB Ha CTEOHHULIBKOMY TipHHUYO-
XiMigHOMY mianpuemctsi «Ilomiminepan» (moxarox J1).

Ocobuctuii BHecOk 3700yBauya T1oOJsira€ y IUIAHYBaHHI, MIATOTOBIN 1
BUKOHAHHI Ja00paTOpHUX AOCHIIKEHb, XIMIYHMX AaHai31B, TEPMOJMHAMIYHHUX
pO3paxyHKIB MMOBIPHOCTI Tepediry peakiliii KoHBepcii, 0OpoOIeHH]I pe3ysIbTaTiB
EKCIEPUMEHTIB; (hOPMYJIFOBaHHI OCHOBHHUX TOJIOKEHb 1 BUCHOBKIB, PO3pO0JICHH1
TEXHOJIOTIYHOT cxemMu, odopmieHHi crateit [178-183,185, 190, 191], nBi 3 skux B
HaykoMeTpuuHuX skypHanax [183, 191]. IlocraHoBKYy 3aBaaHHS, OOTOBOPCHHS
pe3yNbTaTIB JOCHIKEHb, iX IHTEpIpETalilo, y3araibHEHHA 1 (OpMyItOBaHHS
BHUCHOBKIB BHKOHYBaJu pa3oM 3 HaykKoBuUM kepiBHUKOM, K.T.H. [.}O. KocrtiBum.
OCHOBHI pe3yabTaTH aBTOp JIONOBigaJia Ha HayKoBUX KoH(pepenmisx [186-1809,
192]. 3a marepiamamu amcepTarii 3700yBaueM y CHIBaBTOPCTBI 3 HAYKOBHM
KEPIBHUKOM OTPMMAaHUI MaTeHT YKpainu Ha BuHAxia [184].

Anpobaunisa pe3yabrTaTiB aucepranii. OCHOBHI NOJIOXKEHHS Ta PE3YJbTATH
nucepTariitHoi podotu Oynu po3risiHyTi Ta ooroBopeni Ha X VII International Salt
Symposium «Quo Vadis Sal» (Krakow—Wieliczka, 2012p.), XIV International
Conference «Physicsand Technology of Thin Filmsand Nanosystems» (IBano-
®pankiBebk, 2013p.), VI MixnHapoaHiii HayKOBO-TEXHIUHIN KOH(EpeHIIil

«HoBiTHI eHepro- Ta pecypco3depiraroui XiMidHI TEXHOJOT1i 03 €KOJOTTYHUX
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npobimem» (M. Opeca, 2013p.), V MixuHaponHiii koH]epeHIli CTyAeHTIB,
acmipaHTiB Ta MOJIOJIMX BYCHHX 3 XiMii Ta XiMiuHOiI TexHoJjorii (M. Kuis, 2014p.),
VII MixHapo/Hii HayKOBO-TEXHIUHIM KOH(EpeHIi CTYyJIeHTIB, acIipaHTiB Ta
MOJIOZIMX BUCHHX «XiMis Ta cydacHi TexHousori» (M. JlHimpomerpoBcrk, 2015 p.)
Ta Ha HAYKOBHX ceMiHapax Kadenpu opraniyHoi Ta anamitTuunoi ximii JIBH3
«IIpukaprnarcbkuii HalioHaJdbHUM yHIBepcuTeT iMeHi Bacuns Credanuka» Ta
kadenpu XiMii 1 TEXHOJIOT1i HEOpPraHIYHUX pedoBUH HarlioHaabHOTO YHIBEPCUTETY
«JIpBiBChKA MOJITEXHIKAY.

IMyoaikaunii. 3a pesynmpraTamMu AOCHIHKEHb AUCEPTAIIMHOI  poOOTH
OImyOJIIKOBaHO 15 HayKOBHX Ipanp, 3 HUX 7 — Yy ()axOBUX HAYKOBHX BHJIAHHSX,
pexkomennioBanux BAK Ykpainu, 2 — y BUaHH1, 10 BXOJUTh O HAYKOMETPUYHUX
0a3 JaHux 1 5 y Te3ax JIOMOBIIeH Ta oJiepKaHO MaTEHT Y KpaiHU Ha BUHAXI/I.

Ctpykrypa i obcar aucepramii. J/[uceprariiiina poboTa cKiIajaeTbcs 31
BCTYNY, IIECTH PO3/ILTIiB, BUCHOBKIB, CIUCKY BHKOPUCTAHUX JDKEpeI. 3arajbHui
o0cAr podOTH CTaHOBUTH 175 CTOPIHOK, 3 HUX OCHOBHOT'O TE€KCTY — 132 CTOpPIHKHU.

Po6ota mictuth 28 Tabnuils it 45 pUCyHKIB.
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PO3LI 1
AHAJITAYHUN OTJISII JITEPATYPH

1.1 Cran, nepcneKTUBA BUPOOHUITBA i CIIOKMBAHHSA KAJTIHHUX 100puB

3a0e3neueHHs] HACEICHHS MPOAYKTaMU XapuyBaHHS — OJHE 3 MPIOPUTETHUX
3aBlaHb y CBiTI. Lle 3yMOBIE€HO MIOPIYHUM MPUPOCTOM YHUCEIHLHOCTI HACEICHHS
3emuti 1 3MEHIIICHHSM ILIOMI ClIbChKOTOCTIOAapchkux yriab [1]. 3a mepiox 1990-
2010 p. mpupictT BUpOOHMIITBA 3€pHA B CBITI 3a0e3leuyBaBCs, B OCHOBHOMY, 3a
paxyHOK miABUIICHHS ypoxaiHocTi [1]. 3a omiakamu IIpomoBosnpuoi 1
culbchbKOrocnogapcbkoi oprasizamii OOH cBITOBMII MNONUT Ha MPOAYKTH
xapuyBaHHs 70 2050 p. 301UIBIIMTHCS BABOE, a MPUPICT 00’€MIB BUPOOHUIITBA
npoaoBojibcTBa Ha 80 % Oyne 3abe3neueHuil HapoOIyBaHHSIM BaJIOBOTO 300Dy
3epHOBUX KyJIbTyp [1]. CBITOBHI 3€pHOBHI PHHOK € OJIHUM 13 HAWBaXKJIUBIIIUX
CTpaTeriyHuX 1HTEepeciB jnepxkaB. Tomy 3aBaaHHs 3OUIBIIECHHS B YKpaiHi
YPOXKANHOCTI CLIBCHKOTOCTIOAAPCHKUX KYJIbTYP, 30KpEMa IMILEHULIl, € aKTyaJIbHUM,
a pIBEHb PO3BUTKY 3OBHINIHBOI TOPTIBIl 3E€PHOM € OJHHUM 13 TIOKA3HUKIB
3a0e3MeUYCHHSI PIBHS JKUTTS TPOMA/ISH.

OpnuMm 13 PaKTOpiB 3pOCTaHHS YPOKAWHOCTI € BUKOPUCTAHHS MIHEPATBHUX
n00puB. ChOro/1HI MOPIYHE 3POCTaHHS CIIOKUBAHHS T0OpUB CTAaHOBUTH 2,5-3,0 %.

Y CcTpyKTypi CBITOBOIO CHOKMBaHHS MiHEpaJIbHUX JOOpPUB HaiO1IbIIa
yacTtka 60 — 70 % — npunamae Ha HiTpatHi. ¥ 2014 p. CBITOBI MOCTaBKH HITPATHUX
noopuB cranoBwiu 205,1 wmiH.T, KamiitHux - 61,1 MuH.T, a docdaTtHUx —
64,6 man.T [2]. B Ykpaini Ha HiTtporeH B octanHi poku npunajae 10 93 % Bia
3arajbHOTO OOCSTY MOXXKMBHUX PEUOBMH MiHepanbHux noopus [3]. ¥V 2005 p. Ha
BHPOOHHIITBO MiHEPAIbHEX TOOPUB GYIO BHTPAaueHO 7,4 MIPA. M° MPUPOJHOTO
rasy i3 8,8 MIpA. M°, IKi CIIOXKHBA€E XiMidHH} KOMILIeKC YKpainu [4].

Omxke BHYTpIIHIA pPHHOK YKpaiHM — KpaiHM 3 BEJIMKUM arpapHuM
NOTEHIIAJIOM — 3aJuIIa€eThbCcsl NepcrnekTuBHUM. KamiitHi mo0puBa 13 BIIacHO1

CUPOBHHH B YKpaiHl 32 OCTaHHI pPOKH HE BUPOOJISIFOTH, BUPOOJISIFOTH TUTBKH KaJIFO
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cynbdar KoHBepciiHuM MeTosioM 1 ckinaaHi NPK — nmobpuBa 3 iMIIOPTHOTO Kautito
XJIOpUTY.

CborojiHi B CBITI CTBOPIOIOTBCSI 1 MOJEPHI3YIOTbCS Ha PI3HUX CTalisX
OnMu3bKO 65 HOBUX KalMiMHMX MpoekTiB Ouibine Ak y 20 kpainax cBity (bizopycs,
Pociticbka ®eneparisi, Kanama, Kurait, [amis, bpasumis, Aprentuna, Taimanm,
Konro, Ediomis) [5]. Lle BrumMHEe Ha MOMUT 1 1IHK Ha KaJIMHY NPOAYKIlIIO. Y 1K
CUTYyaIlli 103a KOHKYpEHIli€lo OynyTh cynb(aTHi KaliliHi J0OpUBa, SKUX B CBITI
BUITycKaroTh MeHIIe 10 % BiJ 3araabHOTO 00CATY KaliiiHUX TOOpUB.

BuuepnyBanHsi 3amaciB  €HEPreTUYHUX PECYPCIB  CHOPUSE  3POCTAHHIO
CIIO’KMBaHHS O10JIOT1YHOIO MajivBa: 010€TaHOJY 1 010AM3EILHOIO MaJiiBa, a TAKOXK
6iomerany. Big 2000 qo 2010 poky cBiTOBE BUPOOHUIITBO €TaHOIY 3 010MaIMBHOI
CHPOBHHH 30i1bmmIoch i3 22,7 MiuH. M° go 113,6 mua. M° [6]. Jo 2019 poky
MIPOTHO3YETHCS BUITYCK 010€TaHOJY 1 010/IM3eIBHOTO TajauBa BiAmoBigHO 158,8 1
41,2 mua. M° [6]. Ycboro B CBIiTi 4acTka €TaHONY B BUTPATI MAJIMBA HA TPAHCIIOPT B
2007 — 2009 pokax ctanoBuna 4,6 %, 10 2019 poxy nporHo3yeTbcs ii 301IbIICHHS
10 9,0 % [6]. JlimepoMm cepen KpaiH y CIIOKHBaHHI €TaHOJY SK aBTOMOOIJILHOTO
nanuBa € bpazunis, yactka sikoro B 2007-2009 pokax cranoBuina 46,1 % 1 go 2019
poky nporunosyetbes 70,2 %, B CIIIA 11 moka3HUKH CTaHOBJATH BIMOBIAHO 4,3 1
8,4 %, B kpainax-uwienax €C — 1,8 18,5 % [6].

I3 arpapnoi cupoBuHU BHpOOIAIOTH Olorutactuku. B 2010 poii cBiToBe ix
BUpOOHUIITBO cTaHOBWIO 700 Tucsd ToHH, a n0 2015 poKy NPOTrHO3YETHCS
3pOCTaHHs 1X BUITYCKY 10 1,7 MJH. TOHH [6].

[HaycTpis OlomaivBa CTUMYJIOE€ MOMUT HAa HU3KY CLIBCHKOTOCHOIAPCHKHUX
KyJbTYp: KYKYpPYA3U, COHAIIHUKY, pinaky, 006oBux. Lli KyapTypu motpedyroTh
BHCOKHMX HOPM BHECEHHS IMOXUBHHUX PEUYOBHH, 110 BUKIIMKAE 3POCTAHHS TOMHUTY Ha
Hux. Y 2008-2009 pokax Oysi0 BHKOPUCTAHO MiA KYyJIbTYypU ISl BUPOOHHUIITBA
OiomanuBa, Tucsd ToHH: 99,3 Hitporeny, 34,2 ®ocdopy 1 23,2 Kauiro [6].

BupoOHuntBo 0610JI0TIYHOTO HanuBa moTpedye chOroaHi Onu3pko 5 %
CBITOBOTO BHUPOOHMIITBA 3E€PHOBUX 1 OJIWHUX KyIbTyp. [J100ambHUN TPOTHO3

CTOCOBHO OlomaiyBa ONTHUMICTUYHMI: BUPOOHULITBO Ol0€TaHONy Oyne MOCTIMHO
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3poctatd. Pa3oM 13 TUM TIUIONI CUIBCBKOTOCHIOJAAPCHKUX YTib IOCTIMHO
cKkopouyioThcsi. OTke, CTae OYEBUIHOIO HEOOXIAHOCTh 30UIBIICHHS BUITYCKY
MPOAYKTIB XapuyBaHHsS, 0COOJMBO SKICHHX, MajiiBa 1 €HEPTrOHOCIIB, 1110 3aJICKUTh
BiT BHUPOOHHUITBA 1 SAKOCTI MiHepanbHUX J00puB. Cporoani OiomanauBo €
dakTopom, KM HE MOXHa HE BPaxXOBYBATH B MPOTHO3aX CBITOBOTO IMOMHUTY HA
CLJIbCHKOTOCIIOIAPCHKI KYIBTYPH 1 100pHBA.

J10 OCHOBHMX MOKMBHUX €JIEMEHTIB JAJisl pOCiauH Hanexarh Kamiii, Hitporen 1
®docdop, a Takox Kanpuiit, Maruiii, Cynsdyp 1 HU3Ka MikpoenaeMeHTiB. Kamiii
cepell HUX € HAWBAKIIMBIIIMM €JIIEMEHTOM IS JKMBHX OpPTaHi3MiB 1 BOJHOYAC —
HalOUbII AepiuuTHUM Yy IpyHTI. Kamiii cnpusie neperBopenHto Hitporeny
pociiuHaMu B OLIOK, 30LIBIIEHHIO BMICTY I[YKpY B I[YKpPOBHX OypsiKax,
LHUTPYCOBUX 1 OAalITaHHUX KYJIbTypax, TOMaTax, OUIKIB y 3€pHOBHUX, OKPAILICHHIO
CHOXHUBYMX SIKOCTEH BCl€l CUIbCbKOrocmogapchkoi mnpoaykuii. Hemocrathe
3a0e3nedeHHss pociuH Kamiem mpu3BOAUTH O TOTrO, HIO HITpaTHI JO0OpWBa HE
NEPEBOASTHCS B OLIOK 1 3aJIMILAIOTHCS Y BUTIIAJIL HITPATIB, OTPYHHUX JJIS1 )KHMBOTO
opranizmy [7].

Kamiit 6510kye HaIXOMKEHHSI B POCIMHU PaJloakTUBHUX 130TomiB Lle3iro, siki
nonajgd B TPyHTH BHachuigok apapii Ha AEC. 3acBo€eHHsS paaioaKTUBHOTO
[e3ito-137 3aTpuMyeThcs BHACHIIOK BHeceHHs B IpyHT Kamito 1 pocinunu
NPaKTUYHO HE 3apa)kaloThbCs  PATIOHYKIIJaMHU. AHAJIOTIYHO  OYMILYETHCS
CUTBTOCIITIPOIYKIIiS BiJl pamioakTuBHOTO CTpoHIIi0-90 32 J0MOMOTo0 Mo110HOTO
JI0 HbOTO eJeMeHTa — MarHilo, KUl € B KajiiiHO-MarHieBux nooOpuBax. Kamiii
301IbIIIyE MOpO30CTiKicTh pociaud [8]. Kpim Toro, Kamiii migBuinye CTiHKICTH
pocaud 10 nmocyxu [10], xBopoO, 1110 € BaKJIMBO, OCKIJIBKH B OCTaHHI POKH JCSIKI
KyJbTYPH BJKE€ HE MOKHA BUPOCTUTHU 0€3 3aCTOCYBaHHS MECTULUIIB. Y perioHax i3
MOMIPHUM KJIIMaTOM PEKOMEHYEThCS PETYISIPHE BHECEHHS Kalilo B HOpMax 58 —
125 xr/ra, He3anexxHO Bij Horo BMicTy B rpyHTi [9]. Kaniii 36inblnye MilHIiCTh
cTteben 1 3amnoOirae BujsraHHi 3epHoBux [10]. 3a Hemocraui Kamiro ripuie

3acBoroeThcst CO, 1 JUIsi CUHTE3y BYTJIEBOJIIB POCIIHMHI HE BUCTada€ BYIJICLEBOT
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CUPOBHHH, OKUCHIOETHCS IYKOP KJIITKOBOTO COKY 1 3aacy BYTJI€BOAIB y POCIUHAX,
He 3a6e3meuennx K', He MOHOBIIOIOTECS, a BUTpadaroThes [10].

3a Hegoctaul Kamito COBUIBHIOETHCS MEPETBOPEHHS MPOCTUX BYTJIEBOMAIB Y
ckiamHi omiro- 1 momicaxapuau [11]. Kamito cynbsdaTr 3acTocoByeThCs AJis
MiPKUBIICHHST KYJbTYp, SKI HEraTWBHO pearyioTh Ha xjopuau. Lle murpycosi,
BUHOTpaJ, TOMAaTH, Tepellb, 3epHOBi, KapTomii. Kpim Ttoro, kamito cynbdar
mictuth 18,4 % Cynbdypy, skuili 3a 3HaYUMICTIO HaOmwKkaeTbest A0 Docdopy.
Jocmiaym 3 MIIEHWIE0 1 JXUTOM, MPOBEJICHI B HU3II €BPONEHCHKUX KpaiH,
MoKa3ajiy, 10 MaKCHMaJlbHE 3aCBOEHHS KOMIUIEKCHHUX TOOpHB BilOyBaeTbcs 3a
craiBBigHomenns N : K,O=1:1,7[12].

CynbdaTtHi ¢opMu KalmidHO-Mar"Hi€eBUX JOOpPUB Kpallle BIUIMBAIOTh Ha
YPOKaMHICTh pi3HUX KYJIbTYp [13]. 3MEHIlIEHHS KIJTbKOCTI BHECEHHSI OpPTaHIYHUX
no0puB Ta mpocroro cymnepdocdary TpU3BEIO 0 BUHUKHEHHS JedIlUTY
Cynbdypy B iepeBaxkHiil OUIBIIOCTI TPYHTIB YKpainu [14].

Cepen eneMEHTIB JKMBJIEHHS POCIWH MPOMDKHE 3HAYEHHS MIXK Makpo- 1
MikpoeneMeHTamMu  3aiimaroth Kambuift, Marmiit i Cymsdyp. Ca® i Mg*
PETYINIOI0Th KHCIOTHICTD TPYHTY, BOJHHI PEKUM POCIWH, BIUTUBAIOTH HA A30THHM
OOMIH 1 (DOTOCHHTE3, Ha MKUTTEBO BaxJMBI (Pi31070ro-010XiMIYHI MpPOLIECH B
pocIMHaX B yMOBax IIOCYXH, CKJIaJ TIOTJMHEHMX KaTiOHIB, 10HHHWH CKJIaJ
I'PYHTOBOTO po3uuHy [15, 16].

Otxe, cynabdatHi popMH KamHUX 100pUB € Oe30anacTHUMHU, MiCcTITh Kamiit
1 Cynb(dyp, 1X MOKHA BHOCUTH T1J] yC1 KYJIbTypU Ha IPOTUBArY 10 XJIOPUIHUX SIKI
Majoe(EeKTUBHI JJI1 HU3KH KYJbTYyp, IO HETaTUBHO pearyioTb Ha Xuop. s
JKUBJICHHS POCIMH BHUKOPUCTOBYIOTh KallIMarHe3ito, Kajilo Cyib(aT, IpUPOTHHMA
nanrOewHir [17]. Jns ix 100yBaHHS BUKOPUCTOBYIOTh SIK CHPOBUHY KallliiHI pyau
[18], anynitu, ciaroau [19]. CupoBHHOO I IX BUPOOHHUIITBA € MOTYKHI MOKJIAIN

noJiMiHepalbHUX Kamiiuux pya [Ipukapmarts.
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1.2. KopoTka xapakTepucTHKA MOJiMiHepaJIbHUX KAJTIHUX pya

Ipuxkapnarrs

OcoOnuBuii iHTEpEC cepea MPUPOAHUX CIOJNYK Kajiio 3aiMaroTh KajiifHi
pyau cynspatHoro TUMy. Taki pyay Majo MOMIMPEH] B MPUPOIi, HAa HUX MPUIIAIa€e
menme 10 % BimoMux CBITOBUX 3amaciB KaiiiHoi cupoBuHu [20]. B VYkpaini
3aJATal0Th  MOKJIaAW  XJOpUAHO-CynabpaTHuX pyd y Ilpukapnarcbkomy
COJICHOCHOMY OaceliHi, sikuii postamoBaHui y CxinmHomy mnporuHi Kapmar i
NPOCTATAETHCA CMYyroio mnpoTsokHicTIO 300 kM 1 mumpuHOO 25 — 60 kM. VY
[TiBnenHo-Cx11HOMY HanpsIMKy MPOTMH MPOAOBKYEThCS B PymyHii, a B [liBHIYHO-
3axinHomy mnepexoauTh Ha Tteputopito [lompmmi [21, 22]. Kamiitai mom
MpEACTaBICHI TPYNOK PO3pI3HEHUX JH3 MnoTyxHIcTIo 100-150 ™M, ski
NPOCTATAIOThCS Ha BijcTaHb 3 — 6 kM [22 — 24]. 3amacu kayiiHOI CUPOBUHH B
[Ipukapnarti omiH00TG y 7,2 miapa. T [25]. o HaWOIBIIMX POJIOBHUIIL
BimHocuthcsi bopucnaBceke (1013,7 mun. T), Crebnumipke (1207,0 muH. T),
MapxkoBo-Poscinbusincbke (1040,3 muH. T), Benuka benuna (384,0 muH. 1),
Ymuunsineoke (304,7 mu. 1), Kanym-I'onuacske (591,7 miH. 1) Ta 1H. [25].

Kamitni pynu Ilpukapnarrtd XapakTepU3yHOTbCA HEOAHOPIIHICTIO Ta
0araToMaHITHICTIO MIHEpPAJIBLHOTO CKJIaTy, TOAIOHOTO HE 3YCTPIYa€eThCs B
YKOAHOMY 3 BioMux poaoBuil cBiTy [23]. o ckiaay nmomiMiHepaaIbHUX KalliHUX
Pyl BXOAUTH OJM3bKO 16 MiHEpalliB.

OCHOBHMMHK MiHEpajaMu MOJIMIHEPAIBHUX KaJIIMHUX Py € KalHiT,
Janr6eitHiT 1 ramrt [21, 26-29], sAki yTBOPIOIOTH KaJi€HOCHI TOPOIHM.
HaiinommpeHiioro mopojoro € kainitosa [26, 28], sxka mictuth 35 — 60 % kaiHiTy,
20 — 40 % ramrty Ta iHmI MiHepanu [26]. HacTynmHoro 3a HOIIMPEHICTIO €
naHTOelHITO-KaiHITOBa Iopoaa [26, 28], sika mictuth 10-20 % nanrOetinity, 20 —
30 % xainity, 30 — 40 % ramity. Llsg nmopona BigoMa juiie B MPUKapHIaTCbKOMY
ponoBumi [28]. Illupoko mMOmUpPEeHOI0 € TaKoX JIAHrOEHHITOBAa IMOpoja, IO

mictuth 30 — 50 % nanrGeitnity, 6 30 % ramity [26, 28]. Bona 3ycrpivaerhes B
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Oaratbox ponoBulax cpity, ane iwuiie B Ilpukapnarti ta B CIIIA yTBOpIOE
poMUCITOBi 3amacu [23, 28-30].

[Tomiminepanbhi kamiiiHi pyau Ilpukapnarrs mictsats 15-30 % raumHUCTHX
nomimok [21, 29].

VY kaniiHUX MOpoAax MPUCYTHIM y BUIJISIAI TOHKHX MPOIIAPKIB Ta BKIIOYCHD
TaKO>K MMOJIIrajiT, BMicT sikoro gocsrae 10 % [28].

OCHOBHUMHM IIIHHUMH KOMIIOHCHTaMH, SKi TMPEACTaBISAIOTh I1HTEpEC s
BUpOOHUIITBA A00puB, € Kamiii 1 MarHi, BMICT SKMX Y TOJIMIHEpaJIbHHUX
KaJIIHHAX pyaax jgocsrae BigmoBimao 15 1 5 % [24]. Hdnsa ramypriiHOi
MIPOMHUCIIOBOCTI Ba)KIMBO 3HATH MIHEPAIbHMNA CKJIad PYAH, SKHH XapaKTepHU3ye
PO3YMHHICTh I KOMIIOHEHTIB y Tipolieci mepepobiienHs. JlirepaTypHi kepena
HABOJATH JIMIIE YCEPEAHEHH MIHEpaJIbHUM CKJIaJ KaJdidiHUX pyA Ta BMICT
OCHOBHOTO LIIHHOTO KoMnoHeHTa — Kariro.

Kamiiini MiHepanu, sKi BXOIATh 10 CKJIAay MOJIMIHEpAIbHUX DY,
BIJIPI3HSIOTECA MDK COOOK0 IIBHUIKICTIO PO3YMHEHHS 1 PO3YMHHICTIO. OHOYacHa
OPUCYTHICTh Y PYJII BaXKKO- 1 JICTKOPO3UMHHHUX KATIMHUX MiHEpaliB, a TaKOX
INPUCYTHICTh JIEFKOPO3UYMHHOIO TaliTy 3YMOBIIOE 3HA4yHI TPYIHOIIl IMiJI Yac
nepepoOJIeHHsI OJIIMIHEpaIbHOT KalliiiHOT cMpoBUHU. Tak, mija yac ii po3UnHEHHS B
OOMEKeHIl KUTHKOCTI BOJAM YW COJIbOBHX PO3YHMHIB y PiIKy (a3y mepexonsth
JISTKOPO34YMHHI KaJiliHI MiHEpaJii — CWIbBIH, KaiHIT, IIEHIT Ta 1H., & TaKOX
YaCTKOBO TalliT. Y HEPO3YMHEHOMY 3aJMIIKY MICTUTHCS OCHOBHAa KUIBKICTh
JaHTrOEWHITY, KI3EpUTY, TaliTy 1 Bech nomramT. Takuil 3amumok HeoOXiTHO
JIOJIATKOBO MEPEepOOIIATA 3 METOIO MOBHIIIOTO BWIYYEHHS Cylb(aTHUX KaTIMHHX
Ta MarHi€BUX COJIEH.

BunienaBenennii KOpoTKHil aHasi3 MoJaiMiHEpaJIbHOI cupoBuHHU [Ipukapmnarts
MOKa3ye, M0 Yepe3 HaA3BUUAlHYy CKIIAHICTh X MIHEPAJIBHOTO CKJIAAy Ta BUCOKUN
BMICT TJIMHUCTUX JOMIIIOK, BPaXOBYIOUH 3MIHHICTh MIHEPAJIBHOTO CKJIaay, Pi3HY
PO3YMHHICTD Ta IMIBUAKICTh PO3UMHEHHS OKPEMHX MIHEpAIiB y BOJHUX PO3YMHAX,
y TEXHOJIOTIYHOMY aCIeKTI Il YU € AyKe ckiagauMu. O HaK BaXKJIMBE 3HAYEHHS

NPUKAPNATChKUX KATIMHUX PYyJ SK CUPOBUHM [JIi BUPOOHHUIITBA CYJIb(AaTHUX
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KaTIMHUX JOOpHUB 3YMOBIIIOE HEOCTA0HWUN HAYKOBHUM 1HTEpeC 10 MpoOieMu ix
nepepoOIeHHS.

TeopeTnyHOI0 OCHOBOIO PI3HUX METOJIIB MEPEPOOSICHHS CKIAJHUX COJIbOBHUX
PO3YMHIB Ta PYyJ € JAiarpaMH PO3YMHHOCTI BiJIMTOBITHUX BOJIHO-COJTBOBUX CHCTEM.
Ili niarpamMu  BimoOpakaloTh iX pIBHOBAXHHM CTaH. Ale IS XJIOPHUIHO-
Cylb(aTHUX CHUCTEM ICHYIOTh METAacTaOlIbHI PIBHOBAru, SKi XapakKTepHi s
IIPOMUCIIOBUX TE€XHOJIOTTYHUX MpoIeciB. Tak rajiT Moke iCHyBaTH Maixe 3 yciMa
cosiMu, 1o KpucTamizyroTses B cucremi K'Y, Mg, Na'|| CI, SO — H,0 3a
BuHIATKOM apkaHity (K;SO4) 1 cakiity (MgSO46H,0) [31]. Kpucramizaris
KI3€pUTY CIOCTEpITAa€EThCS JIMIIE MICHd NEPEMINIYBaHHS CYCHEH31l erncoMITy
npoTsaroM 5 ai6. ToMy B TEXHOJIOTIYHUX MPOLIECAX PO3JAUICHHS COJIeH METOAaMu
KpHUCTai3alii KI3epyUT HE BCTUTA€E YTBOPIOBATHCH [31].

OcHOBHI KadiiiHI Ta KaJiliHO-MarHi€Bl MiHEpadW BIJIPI3HIIOTHCA 32 CBOIMU
¢iznyanMy, (izuKo-XiMiyHUMHU [32] Ta €HEPreTUYHUMHU BiacTUBOCTSIMH [33-37].
EHepris KpHCTaniyHOI rpaTKM TUM MEHIIA, YUM OUIbIIE MOJIEKYJ BOJAU MICTUTH
BIIMOBIHUM KpHUCTAJIOTIApaT, a HalO1IbIa BoHA 11 0e3BoaHOi coi [38]. I1ix uac
iX pPO3UMHEHHS B PIAKY a3y NepexoAsTh 10HH, AKI BIAPI3ZHAIOTHCS AKTUBHICTIO,
KoopauHaiiiaumu uyuciamu  [39, 40], koedimieHtamu axtuBHOCTI [40] 1
eHTanbmiero rigpataiii [41]. CynbdaTHi coiil B pO3UMHI 3MEHIIYIOTh aKTUBHICTh
MOJIEKYJT BOJAM B TiIpaTHIA OOOJOHII 1 BIAPI3HSIOTECS HU3BKUM CTYIEHEM
naucoriamii [42]. Yucna rigpararnii Ta cTaH BOJM B TiApaTHUX cdepax pO3UHHIB
MarHito cynbdarty 1 xJaopuay pizHi [43].

JlanrOerHIT — 1€ OJMH 13 HAaWMOMIMPEHIIINX MIHEpAIiB COJSHUX MOKIA/IB
[TpukapnarTsa. BiH BXOAUTh 10 CKJIaay JJAHIOSHHITOBHUX 1 JJAHTOSHHITO-KaiHITOBUX
nopia. JlanrOeiHiTo-kaiHITOBa TOpOJa B OCHOBHOMY CKJIaJICHa KpPHUCTaJII4HO-
3epHUCTOIO cymimto ramty (30 — 40 %), kainity (20 — 30 %), nanroeitnity (10 —
20 %), cumbBiny (5 — 10 %), xizeputy (5 — 10 %) 1 rmuHKUCTOTO MaTepiany (10
20 %).

JlaHrOeiHiT cuHTe3yeThes i vyac B3aemozil po3unny KCI i3 marepianaom, 1o

Mmictuth MgSQ,, 3a criBBigHOmeHHS KO @ MgSO, Bin 1:1 no 1:4, remnepatypu
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90 — 115 °C 1 tpuBanocrti 6115 30 xB [44]. JlanrOeitHIT 3 qOMIiITKaMu BaHTTOPdITY
KPUCTAIII3YETHCS TAKOXK MiJ Yac BUMAPIOBAHHS MOJIIKOMIIOHEHTHOTO PO3YMHY 3a
TeMIiepaTypu KumiHHs [45, 46]. 3a niaBUILEHOT TeMIIEpaTypyu BUCOIIOIOUY 110 Ha
cynbdatu cnpuunnsie KC1, a 3a Hu3bkoi — cynbdaTt Ha xsnopuau. L{ro BracTuBicTh
BUKOPHUCTOBYIOTh JJIsl BUJJICHHS B TBepAy (pa3y cynb(aTHUX KadiiiHO-MarHi€BUX
conei [47].

KonBepcisi nmanrOeriHiTy B KaiHIT € TpHUBAJIUM MPOLECOM, SKHi
CYIIPOBOKYETHCSI  YTBOPEHHSAM JIPiOHOKpHCTaIiuyHOl cynbdaTHoi (azu [48].
Kparie po3unHAIOTHCS KaliifHO-MarHieBi coui i3 ocagy, OTPUMAHOTO BHUIIApIOBAaH-
HsM po3unHy 3a Temneparypu 75 — 80 °C [49]. [lnoma noss kpucTtanizarii KaiHiTy
B cucremi K¥, Mg?* Na* || CI', SO,* — H,O 3 migBumeHHsM TeMmepaTyps Bix 55 10
75 °C 3menmryetnes [50]. 3a remneparypu 70 °C B TBepAy ¢a3y KpUCTaTi3yeThCs
cymir kainity 3 gominikamu NaCl, sky nerko nepepo0Ousatu Ha mieHit [51]. Yepes
BIJIMIHHICTh PO3MIpPIB KPHUCTAIIB CYCIIEH31I0 KaiHiTy ouuinytoTh Big NaCl Ha
rigpouukiionax [52]. KaiHIT BiAAUIAIOTH, 3MINIYIOTH 13 HIEHITOBUM PO3YMHOM 1
00aBJISAIOTh Y PO3UMH IMics BurnaproBanHs 1 BigaiaeHas NaCl [53].

EncomiT yTBOpIOE MPU3MATHYHI, IOJYACTI 1 BOJIOKHUCTI KPUCTAIH, a TaKOXK
CYLUIbHI 3€MJIMCTI Mach. Y CyXHX yMOBaX €INCOMIT MOBUIBHO BTpayae BOIY 1
NepexoauTh y rekcarigpar. EncoMit pa3om 13 MIEHITOM yTBOPIOE IPIOHO3EPHUCTI
Macy Ha MopoJax, 10 CKIAJy SIKMX BXOIATH KaiHIT, JaHrOeHHIT 1 kapHamT. e —
BTOPUHHHUI MiHEpaj, IO YTBOPIOETHCA 3a PaxXyHOK BUBITPIOBAHHS KaiHITY,
JaHTOEHHITY, KI3E€pUTY, LICHITY.

Kapnamit yTBOpIO€ CylUIbHI 3epHUCTI Macu. JoOpe po3uuHSIETHCS Y BOAI,
JTy>K€ TITPOCKOIIYHUMN, HA TTOBITP1 MIBUAKO 3BOJOKYEThCS 1 po3namaerbest Ha KC1 1
po3unn MQCl,. CynyTHHKaMu KapHaJiTy € TillC, aHTiIPUT, TalliT, MHOJIraliT,
Ki3€pHUT, EIICOMIT, KaiHIT, CHJIbBIH.

Kizeput 3ycTpidaerbcss y BUIUISIAI CYIUIBHHX 3€PHUCTHX Mac. Y BOJl
PO3UYMHSETHCS yKe MOBUIBbHO. L{e rirpockoniuHuii MiHepall, Ha BOJIOTOMY MOBITpI
3HAYHO 301TBIIYETHCS B 00’ €M1 1 TOCTYNOBO NEPEXOAUTH Y OUIMN MOPOIIKYBAaTUI

encoMmiT. Kizepur kpucTami3yerbes 13 CKIaJHUX BOJHUX PO3YMHIB 32 TEMIIEPATYPH
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suie 18 °C B ocranni cramii kpucTamisaimii 3a HexocTadi BOAM. 3a iHIIMX yMOB
KPUCTAIII3YEThCS TekcariipuT abo emcomiT, sKi 3a BHUIIOI TeMIepaTypu
nepexoAaTh y kizeput. CymyTHHKaMU MOro € TINC, aHTIAPUT, TajiT, MOJITaliT,
ercoMitT Ta 1H. Kizepurt 3ycTpivaeThcsi B CONEHOCHUX Binkiamax Ilpukapmarrs y
BUTJISIII HE3HAYHOI JIOMINIKA B KalHITO-JIAHTOCWHITOBIN, piaie KaiHITOBIN
nopojax. Kizeput 3 ramiToM yTBOpIOE€ TpOIIApKH B COJIsAHIN moposi. Kizepur B
KUTbKOCTI 10 7 % 3ycCTpidaeTbcs B TaiiTi, mojiraiiTi Ta aHrigpurti. Ha meskmx
JIJISTHKaX BIH acOIIIOE 3 CHUJIBBIHOM, TaJlITOM 1 JIaHTOEHHITOM. Y TMapareHesi 3
KI3€pUTOM BIAMIYAIOTHCS MOMITaNIT, aHT1APUT, JIeBeiT, kKapHaiT. Y CTeOHUIIBKOMY
POJIOBUILI KI3EPUT HAWYACTILIE 3yCTPIYAETHCS B KAIHITOBUX MOPOJIaX.

KainiT yTBOpIoe 3epHUCTI KpUCTaiu. BiH BUAUIAETbCS TaKOX Yy BUIJISIL
BOJIOKHUCTHUX YTBOPEHB, SKi BUMOBHIOIOTH TPINUHKA y BMIINIYIOUMX IOpPOAAX.
KaiHiT yacTo 3HaXOAUTHCS B TaliTl y BUTJIAJI BKIIOYEHb MPABUILHUX KPUCTAIIB,
0 BKa3ye Ha OJHOYACHE YTBOPEHHsS IUMX JBOX MiHepaiB. BinMidaroThCs
MOEAHAHHS KAlHITYy 3 TalliTOM, CHUJIBBIHOM, JJAHMOEHHITOM, MOJITaliTOM, 3 SIKUMHU
KaTHIT YTBOPIOE KPUCTATIYHO-3EPHUCTI MACH.

CunpBiH HaWyYacTille 3yCTPIYA€TbCA B CYLIJIbHUX 3E€PHUCTUX CKYIMUYEHHSX
pa3oM 13 1HIIMMHU MIHEpajaMu COJISIHUX TOKJIAJIB. 3yCTPIYalOThCs NapayebHl
3pOCTaHHS CWIBBIHY 3 TagiToM 1 rematuToM. CHIIBBIH BHHHMKA€E 3]1€01IBIIOTO
IIUIIXOM OCQ/DKCHHS 3 BOJHUX PO3UYWHIB. Y COJSHUX BiIKJIagaxX BiH 3HAXOIUTHCS
pa3oM 13 rajgiToM, KapHaJiTOM Ta iH. [54].

Jnst noOyBaHHS 3 MOJMIMIHEPATIbHOT KaJIIMHOI CUPOBUHU KOPUCHUX PEYOBHH,
cepel SKUX HaOUbIIME 1HTepec mnpencrtasise Kamiid y Burisial cyiabpaTHOT
dbopmu, po3pobIIeH] Pi3HI METOAU Ta TeXHOJO0TIi. O onmMcaHux y JiTepaTypi Ta

3aCTOCOBYBAHUX Ha MPAKTHII METO/IIB epepOOICHHS Py HABEACHUI HIDKYE.

1.3. Teopist po3unHeHHs i KpUcTaJi3auii cojieil Ta MmiHepaJiB

OCHOBHOIO CTAIIEIO T Yac mepepoOIeHHS MOMIMIHEPAIBHUX KAIIMHUX Py €

CTa/iisl PO3UMHEHHS, BiJI SIKO1 3aJIe)KUTh CTYIIHb BUUIYYEHHS L[IHHUX KOMITIOHEHTIB y
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pPO3UMH 1 HACHYCHICTh MOro CyJb(paTHUMH KaJidHUMH COJiiMH. Po3dmHeHHs
TBEPAUX PEUYOBUH € (PI3UKO-XIMIYHUM TMPOIECOM, SKHH  CYHIpPOBOMIKYETHCS
KOHTaKTYBaHHSIM TBEpAOi (a3 3 PO3UYMHHUKOM IMPOTSATOM YChOTO MPOIECY 1
3aBEpUIYEThCS 3HUKHEHHSM pPO3YMHHOI ii vacTuHu. KoOHIEHTpalis po3duHy
3pocTae 1 HAOMMKAETbCA [0 KOHIIGHTpalii Hacu4YeHHS. |HTEHCHBHICTH
Macoriepenadi Mik JBoMa ¢azaMu 3aJekKuUTh, B OCHOBHOMY, Bia (i3UYHUX
BJIACTMBOCTEH CHCTEMH, PO3MOAUTY KOHIIGHTpAIlili, BEIWYMHH MiX(}a30Boi
MOBEPXHI Ta TIIPOJAMHAMIYHUX YMOB mepebiry mporecy. [lpudomy cyuiipbHOIO
$a3010 € pO3UMHHUK, a JWCIEPCHOI — pO34MHIOBaHA pedoBwHa [55]. Skmio y
IpoLIECl PO3YMHEHHS JIIMITYIOUOIO CTAJIEI0 € B3AaEMOJISl PO3UYMHHUKA 3 TBEPIOIO
¢dazor0, a MBHUIAKICTH MIJABEACHHS PO3YMHHUKA JO TOBEPXHI PEAKIlli JTOCTATHHO
BEJIMKA, TO IHTEHCHUBHICTh PO3YMHEHHS BUPAKAETHCSH SK IIBUAKICTH XIMIYHOI
peaxiii 3a KOHIeHTpali€to po3unHHuKa C, [56]:

- dM;/dr = kFC, (1.1)
ne M; — maca iI-ro KOMIOHEHTY y TBepaiii ¢asi; N — mopsaoK peakiii; K —
KOHCTaHTa IIBUIKOCTI peaKIiii.

Hns audy3iiHOTO  PO3YMHEHHS  IIBUIKICTH  TPOIECY  BU3HAYAETHCS
HIBUIKICTIO BIJHOCHOIO pyXy TBEpAMX YacTHMHOK 1 piauau. LIBuakicts
PO3YUHEHHS I-T0 KOMIIOHCHTY CYMIIlli B PO3YHHI, 110 MICTUTh iHII KOMIIOHCHTH ,
KOHIICHTpAIIisl SKUX 3MIHIOEThCS B Yaci, BU3HauaeThes piBHAHHAM [llykapeBa

- dM, /d‘[ = Ki Fi (Csi - C,) (12)
ne K - koedimieHT MacoBimmadi s | -TO KOMIIOHEHTY; Fj — moOBepXHs
poszunHeHHs; Cs — KOHIIGHTpAllisi HACHYCHHS I- TO KOMIIOHEHTY B po3uuHi; Cj —
MOTOYHA KOHIIEHTPAIIis I- TO KOMIIOHEHTY B PO3YHHI.

Pipasiaast LllykapeBa MOXHA BHUKOPHCTOBYBATH ISl TOSICHEHHS KIHETHKH
PO3UMHEHHS MOABIHHUX COJIEH y YUCTOMY PO3UMHHUKY a00 y pPO34MHI, B SIKOMY
MacoBe€ CITIBBIIHOIIEHHS KOMIIOHEHTIB Take, SK 1 B TOJBIMHIN coii. Y HbOMY
BUIAJIKY PO3YMH PO3MJISAAIOTH SIK TaKWi, 110 MICTUTh OAHY MOJBIMHY cuib [57].
Anle Ha TPaKTHIl POZYMHEHHS 1HAWBITYyAIbHOI TMOABIWHOI COJI 3yCTpPIYa€THCS

pinko. Yacto B TranypridHiid = MpakTULl  BiIOYBa€TbCS  PO3UYMHEHHS B
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KOHILIEHTPOBAaHOMY pPO3YMHI 3 YTBOPEHHSIM HOBOI TBepAoi (pa3u Ha MOBEpXHI
po3unHeHHsT abo0 B 00’emi po3umHy. OcoOmmBocTi (ha30BOro mepexoay B
reTepOreHHUX CUCTEMax IMOB’S3aHi 13 BIUIMBOM MOBEPXHI TBEPAMX TUI HA MPOIIEC
YTBOPEHHS 3apOJIKIB HOBUX KPHUCTAJIB. 3a3BHYail MPUCYTHICTh JOMIIIKK TBEPAOI
a3y MPUCKOPIOE MOSBY 3apOJIKiB, MPUUOMY BIUIUB iX TUM OUIBIINNA, 9YAM OJIFKYA
JIOMIIIIKA 32 CBOEIO MPUPOAOI0, OYJOBOIO KPUCTATIYHOI IPATKU O PEYOBUHHU, IO
kpuctanizyerbes [58]. IIBUIKICTH pOCTYy KPHUCTAIB 3aJI€KHUTh BiJ MEPECHUCHHS
pO3UHHY, TEMIIEpaTypH, TiAPOJMHAMIYHOI OOCTAaHOBKM B CHCTEMi, MPHUCYTHOCTI
nomimok [58]. XapakTep BIUIMBY PO3UMHHUX Yy BOJI COJEeH 1 TeMmMmeparypu
BHUPAXKAETHCS TOJIOBHUM YMHOM Y 3MiHI B 3KOCTI pO34uHY [56], @ TaKOXK XIMIYHO1
aKTUBHOCTI Boju [59].

TexHoOr1YH1 IpoLecH 3 epepoOSICHHS IPUPOIHUX COJIEH BU3HAYAIOTHCS HE
TUIBKH KIHIIEBUM PIBHOBRXHUM CTaHOM B3aeMoitounx a3, aje TaKoxkK 1
KIHETUYHUMH (PaKTOpaMH: MPUPOJOI0 1 CKIAJAOM TBEPIUX PEUYOBHH, CKJIAJIOM Ta
TEMIIEPaTypOIO0 PO3UMHHHUKIB, pO3MIPOM 1 (POPMOIO KPUCTAIIB, allapaTypHUX YMOB
po3unHeHHs [60].

Judy3iiiHi mpoliecu pO3UMHEHHS XapaKTepU3yIOThCS 3aJI€KHICTIO IIBUIKOCTI
pPO3UMHEHHS BIJ IIBUAKOCTI 1 HAOpsMy pyXy pPO3UYMHHHKA, 3aJ€KHICTIO
KOe(DIIIEHTIB MIBUAKOCTI PO3YMHEHHS BiJ Koe(ilieHTIB AuQy3ii Ta B’S3KOCTI
pPO3UKHY B MOTPAaHUYHOMY IIApPi, B IKOMY HAarpOMAJXKY€ThCS PO3YHMHEHA PEUOBHHA,
a TaKoX TOPIBHAHO HEBUCOKMMH TeMIeparypHUMu Koedimientamu [60].
Koediientn nudysii HeopraHiuHUX COJIEW y BOJHMX PO3YMHAX 3ajeXaTh BIJ iX
npupoau. Tak, Hampukman, wMardHito cyiabdar 3a Temmneparypu 283 K 1
KoHmeHTparii 0,4 MOJIB/IIM® Mae koedimient qudysii 0,39-10’50M2/c, a KCI i NaCl
Bizmosixuo 3a 291 K i 0,4 mons/am® — 1,46:10°1 1,17-10° em?/c [61].

Po3unHeHHs TBepAOi PEYOBMHM B PIAMHI CYNPOBOKYETHCS TEIJIOBUM
edeKTOM, BeJIMYMHA 1 3HAK SKOTO 3aJICKUTh Bl IPUPOIN PEUOBHUHU 1 PO3UNHHUKA,
TEMIEpaTypyu PO3UYMHEHHs 1 KOHIEHTpallii. Tenaora po3uynHEHHs CKIAAaeThes 13
(; - TEIUIOTH pyHHYBaHHS KpucTaniuHoi rpatku ((1<0) i (, — TeII0TH coJibBaTAIlii

(02>0). Yacrime |q;] > | Qp| 1 3araipHa TemIoTa po3urHeHHs Bia'eMHa. Tomy nmeski
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COJIl, SIKI YTBOPIOIOTH KPHUCTAJOTIApaTH, MOXKYTh MAaTH TEIUIOTY CoJibBaTallli,
OUTBITY 3a TEIUIOTY PYWHYBAaHHS KPHUCTAJIIYHOI TPATKH 1 TOJI TEIJIOTa PO3YMHECHHS
g>0, TOOTO IMmia dYac PO3UYMHEHHS BUIUIAETbCA TeruioTa [56]. YTBOpeHHs
KPUCTAJIOTIIPATIB MOXKE BiIOYyBATHCS 3 MOTTIMHAHHSAM TETUIOTH.

3anexHICTh MK CKJIQZOM, CTAHOM Ta BJIACTUBOCTSIMHU PIBHOBAXKHUX (Pi3UKO-
XIMIYHUX CHCTEM BHBYAETHCS (DI3UKO-XIMIYHUM aHaJi30M, OCHOBOIO SIKOTO €
Jiarpamu ¢dazoBux  piBHOBAr. Js I'STUKOMIIOHEHTHOI ~ CHCTEMH
K*, Mg®* Na* || CI', SO,* — H,0 nasi 3 posunuHocTi coneii HaBexeHi B [62 — 72].
Jns uiei cucremu 3a Temnepatyp 90, 120 1 140 °C 1 nacuuenHni Martito XJopuaom
Ta CyJb(aToM J1aH1 3 pO3YMHHOCTI HaBeAeH1 B [73].

TpynHICTh BUBUEHHS F€TEPOr€HHUX IMPOLIECIB PO3UUHEHHS MOJIIMIHEPATBHUX
KATIAHAX PyJI, AKl BiAOYyBalOThCS B M'SITHKOMIIOHEHTHIM CHUCTEMI, NOJIATAE B
ICHYBaHHI MeTacTaOUIbHUX PIBHOBAr [74], 3HaYHIN BIJIMIHHOCTI TEPMOJIMHAMIYHHUX
BJIACTUBOCTEH KaTiOHIB 1 aHIoHIB [75], iX po3uunHiB [76,77], BracTUBOCTEH
OCHOBHHMX KaJIMHUX Ta KaJlHHO-MarHi€BUX MIHEpaiB, 30KpeMa pPO3UYHUHHOCTI,
IIBUKOCTI PO3UYMHEHHS, 3HAUCHHS €HEprii akTuBallii npoiecy Ta iH. Yum Oinbina
PO3YMHHICTh COJi, TUM MEHILE TPAaHWYHE MEPECUYEHHS PO3YMHY, a BIJHOCHE
IpaHUYHE TIEPECHUUYEHHS PO3YMHIB THUM OUIbLIE, YAM BHUILMN CTYIMiHb TigpaTarii
COJIeH, a IIJIsl COJICH, 10 YTBOPIOIOTH KPUCTAJIOTIIPATH - YUM OLIbIIE MOJICKYJ
KpucTanizauiiHoi Bogu [76]. Ilepecuueni po3uyMHU KPUCTANOTIAPATIB CTIMKIIII,
HIXK TIEPECUYCHI PO3YMHU COJICH, 1[0 HEe YTBOPIOIOTH KpHUCTanoriaparis [76]. Tak,
HaAIlpUKJIaJ, HaBIThb [JIsI OJHOTO MIHEpally €HEepris akKTUBallli TeTepOreHHOro
IpOIECY 3MIHIOETBCA 31 3POCTAaHHSM CTYINEHS TMEPETBOPEHHS Yepe3 HasBHICTb
JIMITYIOYOT CTaii.

Tak, nudy3iiiHi Opouecu MOXyTh BiIOyBaTUCA B 00’€Mi 1 HA MEXKax 3€peH,
3MiHM eHeprii aktuBamii [77]. TemmoTu po3uMHEHHS COJe y poO3dYMHAX
0araTOKOMIOHEHTHUX COJBOBUX CHUCTEM 3aJIe’KaTh BIJ THUIY 1 KUIBKOCTI COJIEH,

CKJIaay po3unHy 1 Temneparypu [78]. Uepes icHyBaHHS MeTacTaOlILHUX PIBHOBAr
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KpUCTaTi3alisl XJOPUAHUX COJIeW MO’Ke BiAOyBaTHUCA B TOJI KpHUCTaizarlii
ETICOMITY 9H JICOHITY [79].

VY 6ararokOMIMOHEHTHUX CHUCTEMax CTOPOHHI 10HM MOXKYTh 3MEHIIYBaTH 4
30UTBIITYBaTH PO3YMHHICTH Cylb(aTHUX 1 xnopuaHux cojed [80]. 3meHmeHHs
PO3UMHHOCTI MiJ 11€(0 OJJHOWMEHHOTO 10HY MPU3BOAUTH A0 30UTBIICHHS PYIIIIHHOT
CHJIM KpucTamizaiii 1 10 30UIbIIeHHS IBUAKOCTI Kpuctanizamii [81]. IIpomecu
pPO3UMHEHHS, SIKI MPOTIKalTh y audy3iiHIA 001acTi Mg Yac mepepoOsieHHs Py,
MaroTh eHeprito aktuBalii 8 — 20 kJ[>x/monb, a B kineTnuHid — 40 — 300 kJ[>x/MoJ1b
[82]. B ymoBax rigparaiiii BCTAHOBITIOETHCS piBHOBAra TipaT-HACHYCHUI PO3YUH i
KIHETHKA TMPOLECY OMHUCYETbCA PIBHAHHAM ABpami-€podeeBa Ta IJIMITYEThCA
MOBEPXHEBUMU siBUIIamMU [83, 84].

[-lg (1-0)""] = kt (1.3)
7€ o — CTYIIHb TEPETBOPEHHSA, T — Yac, N — mapameTp, SKUM 3aJekKHUTh Bij
MEXaHI3My peakIlii, IIBUIKOCTI YTBOPEHHS 3apOjKiB KpPHUCTAJIIB Ta TeOMETpii
3apOJIKiB.

Ha rigpatariito BaXKOPO3UMHHHUX KaJiHO-MarHi€BUX MIHEpaiB BIUIMBAIOThH
po3uuHeHi coai [85] 1 Temmeparypa [86]. Ha po3Mip KpuctaiiB BILUIUBAE
IHTEHCUBHICTh TepeMillyBaHHs [87], CTymiHb MEPECHUUYCHHS PO3UYMHY 1 T'yCTHHA
cycren3ii [88]. Ilim wac macoBoi kpucTamizalii 13 PO3YMHIB MIBUAKICTH POCTY
KPUCTAJIB 3aJIeXUTh BIJ iX po3mipy [89]. Ha mBuAKICTb YTBOpPEHHS 3apOJIKiB
KpUCTaJIB BIUIMBAaE croci0 mepeminryBaHHs. Tak, M dYac TMepeMilTyBaHHS
0apOOTYBaHHSIM MOBITPSAM IMIBUAKICTH YTBOPEHHS 3apOJKIB 3HAYHO MEHINA, HIXK
MexaHIYHoro mnepemimryBaHHsa [90], 110 BaXKJIMBO A1 OTPUMAHHS YKPYIMHEHUX
KpHUCTaIB.

HenoctatHs BUBYEHICTh MHUTAHb TIJPOJMHAMIKM Ta MacooOMiHY (i3uKo-
XIMIYHUX TIPOIIECIB B yMOBax VIIUJIBHEHO! B3aemomii ¢a3 B amapartax s
PO3YMHEHHS, KPUCTAJI3aIlil Ui KOHBEPCIT CTPUMYIOTh PO3pOOJICHHS TEXHOJIOTIHN Ta
oOnajHaHHs, AKI 3a0€3MeYyI0Th MOKJIMBICTb OTPUMAHHS KPYIMHOKPUCTAIIYHUX

MPOJIYKTIB 13 BUCOKUMH IMOKa3HUKAaMH SKOCTI [91].
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KineTrka po3urMHEHHS OCHOBHHMX MiHEpaiB MOJIMIHEpATbHUX KATIHHUX Py
[Ipukapnartss ommcana B [32, 59]. CwibBiH, KaiHiT, WIEHIT Ta 1H. €
JIETKOPO3YMHHUMU MIHEpajaMyd 1 MIBUAKO PO3UMHAIOTHCS Y BUPOOHUYUX
po3unHax. [IIBUAKICTP pO3UMHEHHS y BOJAlI 1 BOJHUX pPO3UMHAX CYJIb(paTHUX
MiHEpaIiB JaHTOCHHITY Ta Ki3epUTy Myke HHU3bKa [92], M0 3yMOBJICHO MIIIHICTIO
OynoBM iX KpHCTami4HOi rpaTkd. Ha MBUAKICTH pO3YMHEHHS COJIeH 1 MiHEpaiB
BITUBAIOTh PO3YMHEH] COJI, K1 3HUKYIOTh aKTUBHICTH Boau [93, 94]. IlIBuaKicTh
PO3YMHEHHSI MIHEpAJIiB y COJIIX 3MEHIIYeThCs [95] yepe3 3MiHY pyXJMBOCTI
MOJIEKYJI PO3UYMHHUKA MiJ Ji€l0 10HIB coneld. Tak koedimieHT camonudysii Boau
s po3unHiB NaCl i CaCl, MeHmwmi HiX JIS YUCTOI BOAM, TOMY IIBHJIKICTBH
PO3YMHEHHSI MIHEpaiB y I[HMX PO3YMHAX 3MEHIIYE€ThCA. AKTUBHICTH BOJU B
posunHax KCI i NaCl 3MmeHmyerbcs 3 pocTOM KOHIeHTpamii comi [94].
[Tpucytnicte MgSO, B po3uuHi 3MIHIOE CTPYKTYpY BOJIM 1 3 POCTOM HOTO
KOHIIEHTpaIlii Oy/noBa pO34MHY SIKICHO BIJIPI3HSETHCS BiJl Oyl0BU PO30aBICHOTO
posuuny [96]. MgSO, BmMBae Ha CTPYKTYpY PO3YHMHIB 3HAYHO CHIIBHIIIE, HiXK
NaCl i KCI [98]. dusa 3amobiranas nepecuucHHss MgSO, B po34MHI PETyIIIOIOThH
CHiBBiHOMIEHHS MK KoHIeHTpamiero MgCl, 1 MgSO, 3 miero MeToro
IUPKYJIIOI0Th YacTuHy po3uuny MgCl, [99], kapuamity [100], a®o BUBOIATH
yactuHy po3unHy MgSQO, i3 mpouecy [101]. MgCl, cripuuuHsie BHCONIOIOUY JTi0
Ha NaCl i KCI [102]. Konnenrpariss MgCl, B po3unHsitouoMy po34rHi MOBUHHA
craHoBuTH 5,5-5,7 Mac. % [103]. Tomy y BUpoOHUIITBI KaiimMaraes3ii BUBOJATH Ha
BumnaproBanHs 62,3-76,0 T menitoBoro po3uuny Ha 100 T pyau, kamiMarsesii i
cynbdary xamito — 92 — 136 T [103]. 3 MeTOr0 MiABUICHHS CTYICHS PO3YMHCHHSI
KaJIIMHUX MIHEPATiB pyAH 11 pO3UMHSAIOTH B JICKIJIbKA MOCTIIOBHUX CTYTCHIB.

PosumuHicTh coneii i mineparnis B cucremi K*, Mg** Na* || CI', SO, — H,0
3aJIeKUTh BIJl CKJIAMy pO3UMHY 1 Temmeparypu. Hampuknaa, 3 TiABUIIECHHSIM
temnepatypu Bix 40 mo 55 °C 30umbmIyeThCcsl TOJE KpHUCTaizamii KaiHITy 1
nanroeinity [104]. Ha po34yuHHICTH coJiel BILUIMBAIOTH JOMIIIKH OJHOMMEHHHUX

ioni [105].
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1.4. 3arajbpHa XapaKTepUCTHUKA iCHYIOUMX TeXHOJIOTii nepepooieHHsI

NOJIiIMiHEPaJIbHUX PYA XJIOPHAHO-CYJIb(aTHOrO THILY

[TonmimMiHepalibHI KaJiifHO-MarHi€Bl pyau NepepoOsuid METOJaMU HETIOBHOTO
Ta MOBHOT'O PO3YMHEHHSA. 3a HEMOBHOTO PO3YMHEHHS Yy MPOMHCIOBHX YMOBax
CTYMiHb PO3UYMHEHHS JIaHrOelHITy He nepeBuinye 22 — 23 % [106], kizepury e
MEHIINMA, a TOJIraliT NPaKTUYHO HE PO3YUHSAETHCS. TOMYy 3alMIIOK MiCIs
rapsuoro  pO3YMHEHHS  JOJATKOBO  TMEPEepoOSsid 3  METOK  BHJUICHHS
HEPO3YMHEHOr0 JIAHTOCHHITY 1 TOBEPHEHHS MOro y BHPOOHHUIITBO KaTIMHHUX
n00puB [107]. Metoa mOBHOTO PO3YMHEHHS MOJISITA€ Y BIAAUIEHHI HEPO3UYNHEHOTO
JaHTOCHHITY 1 PO3YMHEHHI HOTo BOJOI0 3a Temmeparypu 95 — 100 °C mpotsirom
2,0 — 2,5 rox 3 oTpuMaHHAM JIaHTOClHITOBOrO po3unHy [108].

B poGoti [109] nerkopo3urHHI MiHEpaal PyaAu BUIYTOBYIOTb B 0OOPOTHHUX
pO3UMHAX HATpIO Cyib(paTy YW LIEHITY 3 OTPUMAaHHIM XJOPUAHO-CYJIb()AaTHOTO
pPO3UMHY, KM BUNApPIOIOTH 3 BUAUICHHAM KYXOHHOI COJi, KaJliHOro JoOpuBa i
MarHiro xiopuay. Hatpito cynbdar kpucramizyerbcss B TBepay dazy. Ocan
IIPOMHUBAIOTH 1 CYJIb(ATHUN PO3UMH MMOBEPTAIOTh HA PO3YMHEHHS pyau. | TMHUCTHI
MyJl 3 HEPO3UMHEHUM JAHTOEHHITO-TOJMITATITOBUM 3alMIIKOM (DUIBTPYIOThH 1
CylllaTh 3 OTPUMaHHsAM Oe3xyopuaHoro aodpuBa. HemomikoM 1poro crocoly €
HEOOXITHICTh (DUIBTPYBAHHS 3aJIMIIKY 3 BEJTUKOIO KUIBKICTIO TTTUHUCTOTO MYJTy.

Uepe3 HUBBKUN CTyMiHb PO3YMHEHHS KallHHUX MIHEpPATiB 1 BHCOKY
HACHMYEHICTh XJIOPUJAMU PO3YMHIB MICJISI PO3YMHEHHS PYIU 3alPOIOHOBAHO IIi
pPO3YMHU BUIAPIOBATH J10 KOHIeHTpalii marHio 3,7 — 3,9 % nna BiaaiIeHHS
gactuan NaCl [110]. [ast 30inblneHHS KOHIEHTpAIlli OCHOBHHMX COJCH B
OTPUMaHOMY PO3YMHI JI0 HBOTO TIepe]] KpUCTANI3AIEI0 MICHITY 10Jal0Th MTYYHUI
KaTHIT Ta KapHAJIT 13 CTaJlli BUMAPIOBAHHS IIEHITOBOTO po3unny [111].

Crnoci6 [112] mepenbavae momaBaHHS O PO3UMHY TIEPENl KPHUCTAII3AIIEI0
IICHITY 3 METOIO 3HMXKCHHS B HhoMY KoHIeHTpalii NaCl po3unny micis po3kiany
HICHITY Ha KaJiio cyibdar, 1 ITYYHOTO KaiHITy — 10 PO3UMHY IMiCJIsl BUIIAPIOBAHHS

1 BUIUICHHS COJII 3 TMOJAJbIIUM OXOJIOJDKEHHSAM 3 METOK KpHucTaiizalli
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mreHity [113]. lewnirt i3 BMictom meHmie 5 % Cl kpucranizyeTbcs 3 po34uHiB, y
SKUX BIJHOIICHHS MacoBuX KoHIeHTpaniin MgSQO, : (MgSO, + K,SO,) He MeHte
0,40, a MgCl,: (MgCl, + MgSO, + K,S0O,) ne Oinbiire 0,30 [114].

Bimomo [115], mo maHrGeiHIT y cepeloBUIll MarHi0 XJIOPUAY KOHBEPTYE B
kainit. Ile mae 3mMory mepeBecTH Ba)KKOPO3UMHHI MiHEpajdd B JIETKOPO3YMHHI 1
30UIBIINTH CTYITIHb BUAUICHHS IIHHUX KOMIIOHEHTIB pyau B 100puBo [115, 116]. 3
METOI0 YHUKHEHHS YTBOPEHHS HAQ/JIMIIKOBUX PO3YMHIB MArHil0 XJOPHUIY Kaiio
XJIOPH]T 1 KalHIT MOJIIMIHEpalbHOT pyau mepepolssitoTh Ha kainit [115, 116]. ¥V
poborax [118-122] nerkopo3uuHHI MiHEpalIH, BKIIOYAIOYHM TaliT, PO3UMHSIOTH
MOBHICTIO, HEPO3YMHEHUM JaHTOCHHITO-TIOMITaITOBUM 3aJMIIOK BIAUISIOTH,
BUCYIIYIOTh 1 PEaNi3yloTh SIK TOTOBUH MPOJYKT, a PO3YMH TMICIS PO3YUHEHHS
BUMAPIOIOTH i Kpuctanizamii NaCl. BunapeHuii po3unH 3MINIYIOTH 13 KaiHITOM
13 cTajlii BUMaprOBaHHs, HarpiBaoTh 10 Temneparypu 95 — 100 °C mist po3unHeHHs
KCI1 1 xonBepcii KaiHITy B JaHTOCHWHIT, BIOAULIIOTH rigpocemnapaiieo NaCl 1
OXOJIO/DKYIOTh JIaHTOEHHITOBY CYCIIEH31I0 Il KpUCTaji3alli MIEHITY 3  PLIKOl
da3u 1 KoHBepcii JaHrOeHITY B mieHIT. [lomiMiHepanbHl KajailiHO-MarHi€Bl pyau
nepepoOJIAIOTh 13 MONEPEAHBOI0 TIAPATAIIEI0 BaXKKOPO3UMHHOTO JIAHTOEHHITY B
Jerkopo3unHHui meHIT [123 — 126]. e nae 3mory 30uabmuT 10 82 % CTYIIHb
po3unHeHHs Kanito, ogHaK rijparaiiis JaHTOCHHITY CyPOBOIKYETHCS TBEPAIHHIM
pyau, 10 MOTpedye MepiOAUYHOro il MepeMilllyBaHHS 1 3HAYHUX CKJIQJCBKHUX
TUIOMI.

JlanrOelHIT nepepoOIISIIOTh Ha MICHIT 1 KaJlilo cyib(paT METOIOM KOHBEpPCIi 3
pozunnoM KCI1 3a temmneparypu 45 — 55 °C [127]. YUepe3 HU3bKY MIBHUAKICTH
po3urHEHHsT JaHrOeiHiTy crnocid6 [128] mepembauae oTpuMaHHSA CyIb(haTHOTO
KaJIIHHO-Mar"ieBoro 10OprBa KOHBEPCIEIO PO3YMHY JAHTOEHHITY 1 KPUCTAIIYHOTO
KCl. baraTokOMNOHEHTHI PO3YMHU TEPEPOONSIIOTh y JEKIJIbKa CTYIEHIB 3
oTpuMaHHsIM Ha nepmomy NaCl, Ha apyromy — meHITY 1 mi3Hie encomity [129].

Binomuii cnoci6 [130] mepepoOiieHHs MOJIMIHEpAIbHOI KaIIMHOI pyau 3

KOHBEPCI€I0 B KAlHIT TaliTO-JAHMOCHHITOBOTO 3alUIIKy 13 KapHaJIiTOM Ta
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KapHAITOBUM po3urHOM. Ili di€r0 MarHio XJOpuay JaHTOCHHIT KOHBEPTYE B

KaiHIT, SKUN JIETKO PO3YUHSIETHCS B 0OOPOTHOMY PO3UHUHI.

1.5. Kpucraaizanis meHiry i kamaiio cyabdary

Hacuuenuit po3uuH, OTpUMaHUN BHACTIAOK PpO3YMHEHHS MIHEpaliB
NOJIIMIHEPAIbHOT ~ KaMIMHOI PyAH, MepepoOsioTh HUIAXOM  IOJITEPMIYHOT
KpucTati3aiii Ha cyidbdaTHe KajaiiiHO-MarHieBe qo0puBo. Il yac mepepoOiaeHHs
pyau, B sKii MacoBe BIJHOUICHHS CHJIBBIHY /A0 KaiHITY HOpPIBHIOE HYIIO, SIK
TOTOBUMA MPOJIYKT MOKHA OTPUMATH TIIbKH KaJlIMAarHe3ito. SKIIO B pO3YMHHIN
YaCTUHI PyJU MIPUCYTHIN 1 CUIIbBIH B €KBIBAJICHTHOMY CIIiBBIIHOIIICHHI 3 KaiHITOM,
to BimHomeHHs KCI : (KCI-MgSO43H,0) = 74,56:248,92= 0,3 i sk TOTOBHH
npoaykt Ooyne Tiabku K,SO,4 [9]. 3a HasBHOCTI B mosiMiHEpaabHIM Pyl 3HAYHOI
KUIBKOCT1 JIaHTOEHHITY, €NCOMITYy, IIEHITY, KI3epUTy acOpPTUMEHT J00puBa
Bu3Havaethes BimHOmEHHIM MKCI : mMMQSOy,, siki 3HaXOASThCS y BCIX pO3YHMHHUX
MiHepasax. ¥ TakuX yMOBaX OTPUMAaHHs JIMIIEe Kalliid Cyiab(paTy HOCITraeThCs 3a
criBBigHOIIEHHS 2-74,56 : 120,30 = 1,24 [131].

Kamito cynbdar oTpuMyroTh 13 KapHajiTy 1 MarHilo cyiabdary B
JBOCTaJAIHOMY TIpollecl KOHBepcli 0e3 YTBOpPEHHsS MPOMDKHOTO IICHITY 3a
paxyHOK peryioBanHs konuentpanii MgCl, na meprmiit craaii 280-310 r/am° i Ha
apyrii — 70-90 r/mv® [131]. I3 kamio xmopumy i Marmiio cyaedary B
OJIHOCTAJIIMHOMY MPOIIeCi OTPUMYIOTh IIEHIT [132], aKkuii po3KiIaAatoTh 10 Kalito
cyabdary [133]. OTxe, mix 4ac yTBOPEHHs LIEHITY BiJOYBa€TbCs 3B’SI3yBaHHS 1
nepeBeficHHs1 y TBepay a3y cynbdar-10HIB pO3YMHY, a B PO3UMHI IMiIBUIYETHCS
KOHLIEHTpAalisi MarHito xjopuay. s MOBHIIIOro 3B’sI3yBaHHsS 10HIB MarHiio B
HICHIT Y piaKii (asi cynbdar-ioHIB HE BUCTAYAE.

Jlist BUpIBHIOBAHHS CITIBBITHONIICHHS y Piakik ¢aszi mik ioHamu Marsito 1
cybdaris K mrepeno ionis SO,” 11 OTpUMaHHS Cy/TbpaTHUX KaTiiHIX 10OPHB
MO>KHAa BUKOPUCTOBYBATH MPUPOJIHI MIHEpATIN HATPIIO CyIb(dary.

[enit mijx yac noAaBaHHS HATPIIO CyJb(aTy YTBOPIOETHCS 3TITHO pEaKIil
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2KCI + MgSQO, + Na,SO, + 6H,0 = K,SO,-MgSO,6H,0 +2NaCl  (1.4)

OTxe, Mg OTPUMAaHHS HICHITY 13 KaiHITY 1 CHUJIBBIHY KUIBKICTH MipaOUTITy
MOTPIOHO OpaTH CTEXIOMETPUYHO J0 Kaiio XJIOPUAY. SKIIO0 B pO3UMHHIN YacTHHI
pYIU KIJIBKICTh €KBIBAJIEGHTIB MarHito cyib(dary mepeBa)ka€ Kallilo XJIOPHI, TO
MO>KHA JTOOABJIATH B MPOIIEC KOHBEPCIi CHIIBBIHITOBY pyay a00 Kaiio XJIOPHI J0
CTEX1OMETPUYHOI PIBHOCTI 3 MarHiro cyjiab}aToM Ta CTEXIOMETPHYHY KIIbKICTh
MipalimiTy. Y BUMAJKy OTPUMaHHS B PO3YMHI MICJIA KOHBEPCIi HAUIMIIKY MarHito
cyJbdaTy BIIHOCHO KaJlifo CyJb(aTy € IONIIbHUM BUAICHHS 3 PO3UUHY B TBEPAY
da3y meHiTy 3 momimkamMu MarHiio cynbdaty. [lomimiHepansHy KamiiiHy pyay
pPO3YMHSIOTh HacudeHUM 3a Na,SO, po3umHOM 3a Temmepatypu 35 — 45 °C y
KUTBKOCTI JUISl €KBIBaJIGHTHOTO OOMIHY MIXK Cl i SO, > { BiLILIAIOTH cynbdaTHi
MIHEpaJH, a 3 XJIOPUIHOTO po3unHy BUKpUcTani3oBytoTh NaCl 1 kainit [134].

[3 KaiHITOBOTO PO3UMHY MICIsl POZYMHEHHS PYJIU CIIOYATKY KPUCTATI3YETHCS
KCI 1 NaCl [135]. 3a nigumieroro Bmicty KCl B momimiHepanbHiil KadiiHIA py/Ii
13 OTPMMAHOI'0 HACUYEHOT'0 PO3UYMHY 1] Yac OXOJIOKEHHS CIIOYATKy BIIIIISIOTH
cymim NaCl + KCl 3a temniepatypu 30 °C 1 notim 3a Temriepatypu 20 °C mieHir i3
gucToToro 97 — 98 % [136]. 3HauHMI BMICT XJIOPHIIB Y IIEHITI CIIOCTEPIraeThes 3a
konneHrpanii MgCl, 6inpme 10 %, mo Biamosigae criBBigHomeHnHio MgCly:
(MgCl, + MgSO, + K,SO,) 0,4 [137]. I3 30iabineHHsIM TeMIepaTypH Bix 75 10
105 °C 3pocrae poszunnHicTh KC1 1 3menmyetscs K,SO4 [138], mo mae 3mory
BUCOJIIOBATH CyJb(aTH1 coi xiopuaamu [139].

3 rapsuuM po3uuHOM Ticis po3uuHeHHs pyau 3mimyrote KCl i Na,SO4 B
KibKocTi 2 — 6 % Big macu po3unny, a KCl — y crexiomeTpuyHiii KiJIBKOCTI 10
HICHITY, CYMIII OXOJOJ/KYIOTh, BIJIUISIIOTH IICHIT, a PO3YUH IOBEPTAIOTh Ha
po3unHeHHs pyau [ 140].

PozunnstoTts pyny 3 mob6asmennsm Na,SO, [141]. Tlpu mpomy xmopumHi
MIHEpaJIN PO3YMUHSIIOTHCSA, HEPO3UMHEH1 Cyib(haTHI BIJAUISIOTH 1 PO3UYHUHSIOTH
BOJIOIO, OJICPKAHMI PO3YMH HAMPAaBISAIOTH HA PO3YMHEHHS PyIu. 3aJIUIIOK, IO
YTBOPUBCSI — II€ TOOPUBO TMPOJIOHTOBAHOI Jii. BUmaproBaHHSIM 1 OXOJIOKEHHSIM

XJOPUAHOTO po3unHy oTpuMyroTh NaCl 1 menit abo K,SO,4. Cxema nepepoOiieHHs
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pyau moaiOHa 0 CXeMH «IIOBHOTO PO3YMHEHHS». 3 METOI0 MiABUIICHHS BUTATY
MarHito i cynbdaTiB B MEHIT po3uuH micis BigauieHHas meHity i1 NaCl migmaroTh
BUMOPOXYBaHHIO 3a Temnepatypu — 5 £+ -10 °C [142].

Crynine konBepcii KCl B meniT 30umbmryetrbest Ha 12 % 3a KoHIeHTparii B
po3uuni 20 % kapbaminy. Lle BinOyBaeTbcs 3a paxyHOK 3B’S3yBaHHS MPOIYKTY
peakuii kouBepcii — MQCl, B kapbamiguuii komruieke [143]. Po3urHHICTE Kallio
cynb(dary B CKIAmHIA CHCTEMI 3MEHIIYETHCS T MI€I0 amiaky, IO Ja€ 3MOTY
MPOBEJICHHS TIPOIleCy KOHBepCli Cylab(paTHUX cojJied 13 Kajlilo XJOPUJIOM
[144 — 146].

Hatpito cynbdar, kvl MOKHa BHUKOPHCTOBYBAaTH JUJIsl MPOLIECIB KOHBEPCII,
3yCTpi4aeThcsi B TPHUPOAI B CKiajl Oarathbox MiHepatiB: TeHapauTy Na,SO,
Mmipabimity Na,SO4-10H,0O, actpaxanity Na,SO,-MgSO4-4H,0, rnaybeputy
Na,SO4 CaSO,4, rmazeputy Na,SO4-3K,SO,4, Bantrodgdity 3Na,SO4 - MgSQOy,
HoHacyb(ary INa,SO,-MgSO,-3NaCl, moaBiiitHuX coselt 13 kapOoOHATaMH Ta iH.
HaTtpito cynbdat € cynyTHIM OpoAyKTOM OaraThoX XiMiuyHUX mnporeciB [147, 148].

[Ipupoguuii TeHapAUT 3aCTOCOBYIOTH JJIi OTPUMAHHS TJIA3€pUTY 1 Kajiio
cynbdarty [149].

I3 BogHux po3umHiB 3a Temreparypu Bif 32,384 no 233 °C kpucTalli3yeThCs
o6e3BogHuii Hatpito cynbdar. Hmwkue 32,384 °C kpuCTATi3yHOThCS MPO30P1
kpuctamu Na,SO,4 - 10H,0 [150].

Mipabinit jerko po3uuHs€Tbest y Bojl. lle mommpeHuii MiHepasa TiCOBO-
TJIMHUCTOI IIIAINKH, SKa CYNPOBOKYE TOKIaaAW KamidHux conei. Ilix rirmcoBoro
IIAMKOK0 MIpaOUIIT YTBOPIOE JIIH3U MOTYKHICTIO JI0 JIEKITbKOX MeTpiB. Taki JIiH3U
MPUYPOUYECHI B OCHOBHOMY JIO MICITb PO3BUTKY KaiHITO-TAHTOCMHITOBHUX COJICH.

HaTtpito xsopua yacto OyBae mpupoAHOIO JOMIIIKOIO MipadumiTy [151]. Skio
JUTSL YUCTOTO KPUCTAIOTIApATy TeMIiepaTypa aeriaparaiiii ctaHoBuTh 32,384 °C,
TO y TPHUCYTHOCTI HATPiIO XJOpUAY BOHaA 3MeHmnyeTbes g0 17,9 °C 3a iioro
KOHIIEHTpalii B po3unHi 22,3 %. 3 MIABUILICHHAM TeMIepaTypu TIoJie

kpuctamizaiii Na,SO, po3mmproeThes 1 CTYIIHD HOTO BUCOJTIOBAHHS 3POCTAE.
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Omxe, moOaBieHHs 10 po3uuHy Hatpito cyiabdary NaCl npussoauts 10
kpuctamizamii Na,SO, 1 1ae 3mMory BUIIIMTH B O€3BOJHOMY CTaHI 3HAuHY HOTO
YaCTHUHY.

CporozHi B CBITI 13 IPUPOJHOI CUPOBHHU BUPOOJIAIOTH OMM3BKO 4 MITH. TOHH
Na,SO, 3a pik 1 3 ypaxyBaHHSIM CHHTETUYHOTO — 7 MITH. TOHH [152]. Tlpupomnmii
HaTpiO CyJlbdaTy y 3HAYHUX 00CATax BUKOPHUCTOBYIOThH y IPOIIECI BapiHHS CKIIa,
Ui 100yBaHHA yabTpaMmapuHy. HaiiGinbiie Horo BUKOPUCTOBYIOTh Y IIENTIOJI03HO-
nanepoBiii npomucioBocti, Hanpukiag y CILIA Butpauatots 6mu3bko 70 % Bifg
3arajibHOTO croXkuBaHHs. Hatpito cyibhaT BUKOPUCTOBYIOTH IJIsi BUPOOHHUIITBA
MHUIOUHX 3aC001B, Y KOJIbOPOBIA METATYPrii, TEKCTHIbHIN, MIKIPSHIA Ta 1H. TATy34X
POMHMCIIOBOCTI, @ TAKOX Y MEIHUIIMHI Ta BeTepuHapii [153].

Hatpito cynb(aT BUKOPUCTOBYIOTH UIsl OTPUMAaHHS Kaliio cylibdaTy yepe3
rJIa3epUT KOHBEPCI€r 3 Kamito xyopunaoMm [154,155], depe3 mieHIT KOHBEPCIEIO 3
KaJIlI0 XJIOPUJOM 1 MarHito xyopuaoM [156], maruito cynwsdarom [157, 158]. I3
HACUYEHOro 3a TeMmmeparypu 65 °C po3uuHy Ia3epuTy IMijJ 4ac OXOJOIKEHHS
kpucrtaiizyerbes ocan K,SOy 13 unctororo 93 % [159].

Y  XIMIYHIA T[POMHUCIOBOCTI HATpil0 Cyiab(daT BUKOPUCTOBYIOTh Y
BUPOOHMIITBI  HATpil0  Ccyiab(iTy, HATpilo Ccyiab(ily, HaTpil0 CUJIKATY,
yJIbTpaMapuHy, Y BUPOOHUIITBI CHHTETUYHHX MHIOUUX 3aco0iB (47 %), mamepy
(35 %), cxna (18 %) [160]. V 3axiguit €Bpomi 80 % HaTpito cynbdary

BHUKOPHCTOBYIOThH IS BUPOOHHIITBA MHFOUKX 3ac00iB [152].

1.6. OcHoBHi npodJieMu nepepodIeHHs MoJiMiHepaTbHUX KAJIiHUX Py HA
cyJb(aTHi KajniiiHo-MarHieBi 100puBa, BU3BHAYEHHS METH i 3aB/1aHb

MOCTIIKEeHb

Bume 6yno mokasaHo, 0 B KamHUX popoBuiax [Ipukapmarrs 3ansararoTh
BEJIMKI 3amacu MOJIMIHEpPAIbHUX PYJ CyJbpaTHOr0 THUMY, NPUAATHUX JUIS
MIPOMHUCIIOBOTO BUKOpucTaHHA. Ha ix 0a31 MoxiMBa oOprasizaiis MOTYKHHUX

BUPOOHMIITB BHUCOKOSIKICHMX O€3XJIOPDUIHMUX KaJidiHUX J0OpUB, $KI MOXKHA
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BUKOPUCTOBYBATH y CLILCHKOMY TOCIIOAAPCTBI YKpaiHH, a TAKOXK €KCIIOPTYBATH 3a
kKopaoH. Tomy momyk Ta po3poOieHHS e(PEeKTUBHUX METOMIB MepepoOIeHHS
MOJIMIHEpaIbHUX pyJ Ha Oe30anacTHi 0e3XJOpuaHl J00pHBa Ma€ BEIHMKE
HApOJAHOTOCIOIaPChKE 3HAYCHHS.

[cHyIOUYl 10 OCTaHHBOTO Yacy TEXHOJIOTii MepepoOICHHS MOJiMiHEPATbHUX
KaJIIAHUX pyJ JaBajld 3MOTYy OTPUMYBATH JIMIIE HU3BKOSKICHY KalliMarHesito Ta B
HEBEJIMKIM KITLKOCTI Kautiio cyib(dar. HeBucoka sSKiCTh OTpUMYBaHUX TPOIYKTIB, a
TaKO)XX HHU3bKUH CTYIIHb BUTSATY IIIHHUX KOMIIOHEHTIB 13 TMOJIMIHEPAIbHUX
KAJIIHHAX Py 3yMOBIIIOE TOCTPY HEOOXITHICTH TMOIITYKYy HOBUX, €(PEKTUBHIIIMX
METO/IIB BUJYYEHHS LIIHHUX KOMIIOHEHTIB 13 pyau B a00puBa. ToOMy OCHOBHOMO
npo0JIeMOI0  TEXHOJOTIi  MepepoOeHHS TMOJIMIHEPANbHUX  KaNIWHUX — PYI
[Tpuxapnarts € po3poOIeHHS PaliOHAIBHOTO METOy MEepepOoOJICHHS CUPOBHHHU 3
HACTYMMTHUM KOMIUIEKCHUM BUKOPUCTAHHSAM BHJIYYCHHX Yy PO3YHH IIHHHUX
KOMITOHEHTIB.

I3 miTepaTypHuUX [Kepen BUIUIMBA€E, 10 OCHOBHUMHU (aKTOpamH, SKi
BIUTMBAIOTh HAa CTYMiHb BUJIYYEHHS IIHHUX KOMIIOHEHTIB 13 Pyl € TeMIeparypa,
IHTEHCUBHICTh ~ TMEpPEMIIIyBaHHS,  CKJaJ  pPO3YMHHUKA,  CIIBBIJHOIICHHS
B3a€EMOJIIIOUUX PIAKUX Ta TBEpAUX (as.

HarpiBanHsi po34yMHIB y TMpoIECi PO3UYUHEHHS Py 30LIbIIY€E IMBUIKICThH
PO3YMHEHHS Ta PO3YMHHICTh OUIBIIOCTI cojiel Ta MiHepaniB. OmgHak mig yac
pPO3YMHEHHS TMOJIMIHEepalnbHUX pya llpukapnarTs mMiABUINEHHS TeMIlepaTypu
nonan 70 — 80 °C mpu3BOAWTH 10 3MEHIICHHS CTYNEHS PO3YMHEHHS KaliiHUX
MIHEpaJiB pyId 3a PAXyHOK YTBOPEHHA 1 KpuUCTami3alli BaXKKOPO3UMHHUX
BTOPUHHUX KaJT1iTHO-MarHi€BUX MiHEpaJiB, AK1 Pa30M 13 HEPOZUYMHEHUM 3AIUIITKOM
pyad 1 TJIAMHUCTUM MYJOM Yy BWIJISIAI BIJIXOJIB BUBOAATH 13 mporecy. Tomy
MBUIIEHHS TEMIEPAaTypu HE MOXE PO3B’S3aTH MPOOIeMy MiABUIICHHS CTYTCHS
BUJTYYCHHSI KaiI0 3 MOJIMIHEPATbHUX KATIHHUX PY/I.

Ornsan  jmiTepaTypHUX JaHUX 1 JOCBLL pOOOTH MII0YMX Y MHUHYJIOMY
MIIPUEMCTB TIOKa3ye, M0 I1HTEHCU(IKAIS TIAPOJUHAMIYHOTO PEXUMY JIUIIE

YaCTKOBO MIJIBUIIYE MIBUAKICTH PO3UYMHEHHS OKPEMHUX MIHEpPAJiB 1 HE PO3B’SI3Yy€E
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npoOJjieMHy MIABUILECHHS CTYMEHS BUTATY Kajlilo 13 pyad B JOOPHUBO B IIJIOMY.
OOmupHi TOCIIHPKEHHS CB1IYaTh, 0 HABITH JIJIS JISTKOPO3UYMHHHUX KaIHHUX DY
OPAKTUYHO T[IOBHE BMJIYyYEHHS I[IHHUX KOMIIOHEHTIB Yy PO3UYMH 3a iX
OJTHOCTYMIHYAaCTOTO PO3YMHEHHS B OOOPOTHOMY PO3UMHI JOCSTAETHCA JIMIIE 3a
3HaYHOTO PO30aBiIeHHS cycrneH3id. /[ BaKKOPO3ZUYMHHUX MOJIMIHEPATBbHUX PYA
po30aBJICHHSI CYCHEH31M MiJ Yac PO3YMHEHHS HEAOCTaTHHO 301IbIIYE CTYIIHb
BUJIYYCHHS LIHHUX KOMIIOHEHTIB pyau. HasBHi B pyai naHrOedHIT 1 Ki3epuT
HNOBUIBHO PO3YUHSIOTHCS B 3BOPOTHIX COJIbOBUX PO3YMHAX HABITh 3a 3HAYHUX
po30aBnieHs cycrneH3iid. ToMy 30UTBIIEHHSM BHUTpPATH PO3YMHHUKA HE BIAE€THCA
JOCSITHYTH BHUCOKOTO CTYINEHs BUTATY Kajlilo, MarHiro Ta cyiabdariB 13
MOJIIMIHEPATIBHUX PY/, 110 MICTATh BaKKOPO3UMHHI KaiiH1 MIHEpaJIH.

Omxe, Wi 1HTeHCUDiKalli TpoLecy poO3YMHEHHS MOJIMIHEPATbHUX KalliHUX
pya Ta 30UIBLICHHS CTYNEHsS BUTATY 3 HUX LIHHUX KOMIIOHEHTIB aKTyaJbHUM €
HOILIYK MOXJIMBOCTI NMEPEBEACHHS BAKKOPO3UMHHUX MIHEPAJIB y JIETKOPO3UMHHI
Ha CTaAll MIArOTOBKH CHPOBUMHHU. KpiM TOro, 3 METOI OJEp)KaHHS 3 XJIOPHIHOI
KaJIHHOMAarHi€Boi CHpPOBUHM CyJIb(aTHUX COJIEH Ta YHUKHEHHS YTBOPEHHS
HAJUIMILIKOBUX XJIOPUJIMATHIEBUX PO3YMHIB MiJl 4ac PO3YMHEHHS MIHEpANIB PyIu
Ta KpUCTaji3alii MIEeHITY AOLUIbHE BBEJICHHS B MpOLEC HKepena cyiab(dar-ioHiB y
BUTJISAII CTIONYKH, SIka He MICTUTh 10HIB Kamito 1 Marnio. Takow CIomykorw €
HaTpito cynbdar. JlomaBaHHA ¥Oro B CHCTEMY [la€ 3MOTY PpETYJIIOBaTH
CHIBBIJIHOIIEHHSI MK COJISIMH B TPOIECI PO3YMHEHHS 1 KpUCTaji3ailii, 3a SKOTo
JOCSITAETHCSI BUCOKUM BUTAT LIHHMX KOMIOHEHTIB 13 PYIW B PO3YMH 1 MiJl 4Yac
KpUCTaJTi3allii He YTBOPIOETHCS HAJIMIIKOBUN MarHito xjopu. Lle npusBoauts 10
TOTO, 110 BECh MICHITOBUN PO3YMH TMICIS KpUCTami3allli Ta BIAMIJICHHS MICHITY
MOBEPTAIOTh HAa CTAJII0 PO3YMHEHHS PYAM 1 CTajls BUIAPIOBAHHS HAJJIMIIKOBUX
MICHITOBUX PO3YMHIB CTa€ 3alBOIO.

3 orJsy JTEpaTypHUX JDKEPEII, MaTeHTHOI 1HGOopMaIlii o0 nepepooaeHHs
KAJIIAHUX pyJ Ta BAXKKOPO3YMHHUX MIHEpaTiB y KajiliHI 100pHrBa MOXHa 3pOOUTH

Takli BUCHOBKH:
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- VYkpaiHa, BoJojir0uM MOTYXHUM [IpukapnaTcbkuM poJOBUIIEM MOJIIMIHE-
paJIbHUX KaJIWHUX Py, PO3BiJaHi 3amacu SKUX CTAHOBIATH 7,2 MIpPI. TOHH, HE
BUPOOJISIE BIACHUX KaJlIHHUX JOOPUB 13 BITUYM3HSAHOI CUPOBUHH, TIEPETBOPHUBIINCH
y ix iMmopTepa;

- BIIOMI TEXHOJIOTii TepepoOJICHHS MOJIMIHEPATbHUX KaTIMHUX pyao €
Hee(EKTUBHUMH 4Yepe3 HEOJHOPIAHICT, 1 PI3HOMAHITHICTh iX MiHEpaJIbHOTO
CKJaay, BHCOKHA BMICT Ba)XKOPO3UMHHUX Y BOJI MiHEpaJiB Ta TIUHUCTUX
JIOMIIIOK, 110 3YMOBIIIOE JIy>)K€ HU3BKUU BUTAT KOPUCHUX €JIEMEHTIB, HEBHUCOKY
AKICTh OJIepKaHUX TOOPUB, YTBOPCHHSI BEIMUE3HUX OOCSTIB BIXO/IIB;

- HEJOCKOHAIICTh ICHYIOUMX TEXHOJIOTIH 3yMOBJEHAa THUM, IO y HHUX HE
BpaxoBaHi B OBHIM Mipi 0COOJIMBOCTI MPUKAPIATCHKUX KaTIHHUX PYJ, HACIIIKOM
YOro € HEJOCTATHIM BUTAT KOPUCHUX €JIEMEHTIB, HU3bKa SKICTh OJEpKAHUX
MPOJYKTIB, OaraToCTaAiMHICT, 1 HaJA3BUYAHHO BHCOKA EHEPrOBUTPATHICTH
BUPOOHMIITBA.

[lepceKTUBHUM HANpsIMKOM NEpepOOICHHS MOJIMIHEPATbHUX KAMIMHUX PY/I,
KU J1a€ 3MOTy YHUKHYTH 3a3HaU€HMX HEOJIKIB, € BBEIEHHS Ha CTaJlio
NIATOTOBKM PYyIW HaTpilo cyibdary. 3a MHOTpiOHOro HOro g03yBaHHS MAarHiro
XJIOPUJ HE YTBOPIOETHCS, @ BUKPUCTATIZYBAHMM HATPI0 XJIOPUA pazoM 13
HEPO3YMHEHHUM 3JIMIIKOM PYAH BIIIUISIIOTH BiJl PO3YMHY 1 BUBOISTH 13 MPOIIECY
SK BIAXI1J BUPOOHUITBA. 32 TAKOTO MPOIECY HAJIMIIKOBUIA MIEHITOBUI PO3YUH HE
YTBOPIOETHCS, OTKE MWOTro BUIMAPIOBAHHS CTa€ 3aiiBUM. Taka TEXHOJOTIA
nepepoOIeHHs OJIIMIHEPATIBHOT KaliifHO-MarHi€BOi pyau XJIOPUIHO-CYJIb()ATHOrO
TUIYy 3 KOHBEPCIEI0 MIHEpaliB 13 MIpaOUIITOM y WIEHIT A€ 3MOTy OTpUMATH
0e3xXJIOpHIHY KalliMarHesito 31 cryneHeM BuiydeHHs Kamito 3 pynu y moOpuBo
84,6 % 0e3 YTBOPEHHsS HAJIMIIKOBUX IIEHITOBUX PO3YMHIB, HEOOXITHOCTI iX
BUIMAPIOBAHHS 1 BUKOPUCTAHHS JOPOTUX BaKyyM-BUIIAPHUX amapariB Ta
CHEpProHociiB. BupoOHUIITBO  KajiMarHesii cTae BHCOKOPCHTAOCIBHUM 1
XapaKTepU3y€eThC BUCOKUMHU TEXHIKO-€KOHOMIYHUMU TTOKa3HUKAMHU.

Ha mincraBi Builecka3aHoOTo, OCHOBHOIO METOIO IIi€i  poOoTtu  OyIio

JOCIIDKEHHST Ta  po3poOJjieHHS  e(EeKTUBHOI  TEXHOJIOTIi  mepepoOsIeHHs
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nojiMiHepanbHuX KanmiiHux pyxa Ilpukapnarts B cynb(daTHE KalliiiHO-MarHieBe
no0puBo 0€3 YTBOPEHHS MArHIUXJIOPUAHUX pPO3YMHIB. [l JoCSTHEHHS
MOCTaBJICHOI METH HEOOX1/THO OYyJI0 BUPIIINTH TaKl OCHOBHI 3aBJIaHHS:

1) BUBUMTH BIUIMB OCHOBHUX (aKTOpiB (TEeMIEpaTypu, Yacy, pO3MIpy
YaCTUHOK, CKJaJy pO3YMHY Ta TIOCIITOBHICTh BBEJACHHS KOMIIOHEHTIB) Ha
KOHBEPCII0 BaXKOPO3UMHHHMX JIAHTOEHHITY 1 KI3EpUTY, Kajllo XJIOPUAY HATPilo
Cyab(daToM y MIEHIT 1 KPUCTAM3aIlil0 MICHITY 3 PO3YWHIB IICIS PO3YMHCHHS
KOHBEPTOBAHO1 PY/IH;

2)  JOCHITUTH  TPOIEC  PO3YMHEHHS  IONEPEIHHO  KOHBEPTOBAHOI
NOJIIMIHEPATIBHOT PYH;

3) po3poOHMTH TEXHOJIOTIIO TEPEpPOOSICHHS PYId Ha OC3XJIOpHIHE KajiiiHe
N00OpUBO 1 BU3HAUWUTU TEXHOJOTIYHI PEXKUMH OKPEMHX CTaAlil Ta MpOLECY B
[IJIOMY PO3paxyBaTH MaTepiayibHI OaJaHCH;

4) BUKOHATH TEXHIKO-CKOHOMIYHY OI[IHKY pPO3pOOJIEHOT  TEXHOJIOTIi

nepepoOIIeHHs MOJIMIHEpaNbHUX KamiHuX pya [IpukapnaTTs.
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PO3/1T 2
METOJINKA MTPOBEJEHHS EKCIEPUMEHTIB I AHAJII3IB

Ha migcraBi BUKOHAHOTO OTJISAY JKepen iHpopMallii MpUHIIIIA 10 BUCHOBKY,
M0 TepepoOdeHHS pPyJ AOUUIBHO 3/IACHIOBATH KOHBEPCIMHUMH METOJaMH,
30KpeMa B3a€EMOJIIEI0 3 HATPIIO CYIb(PaTOM, IO JACTh 3MOTY TIEPEBECTH XJIOPUIHI
KaJliliHi (CUJIBBIH) 1 KajilfHO-MarHieBi MiHepayu (KaiHIT, KapHATIT), a TaKOoX
BOKKOPO3YMHHI Cynb(haTHI MiHepaau (JTaHTOCHWHIT, KI3epUT) Yy IIEHIT 1 HaTPilo
XJIOPH/I.

Po3po0sieHHsT 3a3HAYEHOr0 TEXHOJOTIYHOTO MPOLECy MOTpeOye AETATbHOIO
BUBYCHHSI MPOIIECIB TiApaTallli MpUpOJHOrO JIAHTOCHHITY B MPUCYTHOCTI HATPIIO
cyiab(dary 1 Kajilo XJIOpHAY, KOHBEpCIi XJIOPUIHHUX MIHEpadiB pyAud y UIEHIT,
BCTAHOBJICHHS CITIBBIJHOILIEHHS PEaryl4uX PEYOBHH, TEMIIEPATYPHOIO PEXUMY 1
TPUBAJIOCTI MPOIIECIB.

Huxye HaBefeHl XapaKTEpHUCTHKA AOCHIPKYBAaHMX MareplajiB, METOJUKA

BUKOHAHHS JIOCJIKEHb 1 aHAITI31B, CXeMa JIJabopaTOPHOI YCTaHOBKH.

2.1. XapakTepucTHKA BUXiAHMX MaTepiaiiB, METOAMK NMPOBEIEHHS

eKCIIEPMMEHTIB 1 aHaIi3IB

Jnst nocnikeHb BUKOPUCTOBYBAJIM HIEHITOBUN PO3YUH MICHS PO3UYUHEHHS
noJliMiHepaabHOI KajiiiHoi pyau 1 KpucTanizauii meHiTy cknamy, (mac. %): K' —
3,06; Mg* — 3,58; Ca** —0,18; Na*—3,71; C1 —15,01; SO, — 5,78; H,O — 68,68.

KCI i NaCl BukopucToByBanm «TeXHIUHUI», HATPIlO CylIb(par — pEaKTHB
MapKH «a», GimroditoBuit posunn ckaaxy (mac. %): K*— 0,03; Mg®* — 6,66; Ca®* —
0,20; Na" — 047; Cl" - 19,79; SO, — 1,03; H,0 — 71,82 i3 Iloxrascekoro
POJIOBHILIA.

Hatpito cynbdar npns JOCHIDKEHHS TMPOIECy KOHBEPCli JIaHTOCHHITY
BUKOPUCTOBYBAIM Y BUIJISIAL JIECATUBOJHOTO KpHUCTANOriApary  KBamidikarii

«X.9.».
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Jns mocnipkeHb KOHBEpCli MOJIMIHEPATIbHOI PyAM 3 KPUCTAJIOTIAPATOM
HATpil0 Cynb(aTy BUKOPUCTOBYBAIM TMOJIMIHEpPAIbHY KalHITO-JIAHTOCHHITOBY
pyny pyanuka Nel  CTeOHMIIBKOTO  TIpHUYO-XIMIYHOTO  MIiANPHUEMCTBA
«[Tomiminepan». Pyny moapiOHioBamu Ha abopaTOpHiM IIOKOBiM apoOapii 10
pO3Mipy YaCTHHOK MEHIIUX 5 MM 1 aHamizyBanu ii. [logpiOHnena pyna mana ckiaj
(mac. %): K* — 7,64; Mg®* — 5,70; Ca** — 1,18; Na" — 12,90; C1" — 23,35; SO,* —
30,03; H,O — 10,00; u.3 — 9,20. ¥V mepepaxyHKy Ha MiHEpaJIbHHH CKJIaj pyaa
mictuna (Mac. %): momiramt (K,SO4 - MgS0O4-2CaS0O,4-2H,0) — 9,02; nmanrOeiHiT
(K:SO4-2MgS0O,) — 17,53; kainit (KC1-MgS0O,4-3H,0) — 29,53; ramit (NaCl) —
31,44,

Jns pgocnmijpKeHHs peakilii KoHBepcli JTaHrOeHHITY 13 HaTpito cyiabhaTom
BUKOPUCTOBYBAJIM 3pa3Ku MPHUPOJHOIO JIAHTOEHHITY, BiAiOpaHi 3 JloMOpPOBCHKOTO
kap'epy Kanym-I'onmuHcbkoro pojoBuia. 3pa3kd MOAPIOHIOBAIA J0 PO3MIpY
5 MM, BIICIIOBAJIM HA APOTSAHUX CUTAX (Ppakiiito 3-5 MM, TPOMHUBAIH BiJl TOMIIIOK
XOJIOJTHOIO BOJOMPOBITHOIO BOJIOI0, 3aJHIIKOBY TOBEPXHEBY BOJOTY BHIAJSIIN
crouatky 50 %-aum, noTiM 98 %-HUM COUPTOM 1 BUCYIIYBaJIM 3a TEMIIEpaTypu
323 K. XimiuHuii cKJIaj IPOMHTOTO i BUCYLIEHOTro MiHepany, mac. %: K — 18,31,
Mg?* — 11,35, Ca** — 0,11, Na" — 0,49, CI' — 0,66, SO,* " — 67,74, H,0 — 1,35. ¥
nepepaxyHKy Ha MiHepajdbHHUU CKiaa BiH MicTuTh (Mac. %): manroevinity 97,79;
ramity 1,17; moniramirty 1,13.

Jlnst  nocnmiKeHb  MpoIecy KOHBEPCii MOJIMIHEpaNbHOI KamidHOT pynu
BUKOPUCTOBYBAJIM MIpaOUIIT, SKUHA BUKPUCTANI3yBaBCs Ha 30BHIMIHIX OopTax
xBocrocxoBumia Ne 2 JIIT «Kaniitauii 3aBon» BAT «Opiana» cxiagy (mac. %):
Na" — 14,10, SO42 ©—29,45, H,0O — 56,45. Y nepepaxyHKy Ha MiHEpaJIbHUN CKJIaJl
NPUPOIHUM MipabimiT MicTuB, mac.%: mipadbimt — 98,81; H,O — 1,19.

KizepuTtoBy nopoay Opanu i3 3pa3kiB KEpHOBOTO Marepiaay, OTPUMAHOTO B
pe3yNbTaTi PO3BIAYBAILHOTO OYpiHHS Ha TUIONIAX 3aJIATAHHSA [EXIITEHHOBUX
nopia. KepHoBuii Marepian moipiOHIOBaIN A0 PO3MIPY MEHIIIE 5 MM 1 BiAMUBAIU
B1JI IOMIIIOK JIETKOPO3YMHHUX MIHEpaJliB OOMEKEHOI KUJIBKICTIO XOJIOIHOI BOJIH,

3QJIMIIKOBY BOJIOTY BUAQSUIM crodaTky 50 %-HuM, moTiM 98 %-HUM eTHUIIOBUM
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crupToM. XiMidHMI CKIIaa IPOMUTOTO i BUCyIIeHoro 3pasky (mac. %): K — 4,37,
Mg* - 6,08, Na* — 21,45 , CI' — 39,49, SO,* — 20,86, H,O — 7,70. Y mepepaxyHKy
Ha MiHepaJIbHUH cKkian 1 cymim Mictuia (Mac. %): kizeputy — 30,09; ramity —
54,71; kapuanity — 9,32; cuibBiny — 5,89.

JocnimkeHHss KoHBepcii HaTpito cynbdary 3 XJIOpUIHO-CYIb(aTHUM
PO3YMHOM BUKOHYBAJIM 32 TaKOK METOAMKOI0. Y TEpMOCTaTOBaHUN peakTop
nammBany 0,5 1M° IIeHITOBOro po3unHy 3 rycturoio 1,283r/cM’, i 3a Temmepatypu
JIOCIIITy Ta HEMEpPEepPBHOTO MEpEeMIIIyBaHHS J0JaBajyd pPO3PAaxXOBaHy KUIbKICTb
HaTpio cynbdary. Ilepiognuno 3xilicHIOBaIN BigOip Mpo0d piAKUX 1 TBEpAUX (a3.
Bigrak o cycnensii mojgaBaiu 52,2 T KPUCTAJIYHOTO KaJlll0 XJIOPUIY 1 TaKOX
BiIOMpasii npodu pigkux Ta TBepaux ¢az uepes 10, 20 Ta 30 xB. [licna Bigdbopy

3 GimoditoBoro posunHy i

OCTaHHBOI Mpobu y peaktop aAomaBanmu 0,1 oM
nepeminryBanu e 10 XB, Micisg 4OTO BiIOUpaid MPoOU PIAKUX 1 TBepaux ¢a3 Ta
aHani3yBaH ix Ha BMicT ioHiB. K* — BaroBum Terpadeninboparaum, Mg®* i Ca® —
kommiekcoromerpudanm, C1° — MepkypumerpuurnM i SO,° — rpaBiMETPHIHIM
metonamu, Na* — 3a pisHHIIEIO Mi’k CyMOIO eKBiBaJIEHTIiB aHioOHiB i kaTioHis [161].

[IpoBenu cepito €eKCHEPUMEHTIB, Y SIKUX 3MIHIOBAJIM MAacOBE CITiBBIHOIICHHS
KOMIIOHEHTIB, TeMHeparypy, 3a fKoi Big0OyBanach peakuis KOHBepcCli, Ta
MOCJIIIOBHICTh BHECEHHSI KOMITOHEHTIB.

HactymnHi nociiau mpoBesid aHaJOTIYHO JO MOMEPEeIHIX, 30LIbIIUBIIN Macy
HaTpilO cyibdary 1 Kajio XJopuay B 2 pasu. Bimrak gocniau npoBoauiu 0e3
3MIHM Macu PEareHTIB Ta MOPAJKY iX BHECEHHS, 3MIHIOBAJIM JHII TEMIEpPaTypy
peaxii.

Hocnimxenus mpoBoauin 3a temneparyp 323, 333, 343, 353 K. bpamu mno
0,5 nm° mieHiToBoro pozunHy i mo 0,2 aM° Gimo(MiTOBOro Po3YMHY 3 TYCTHHOIO
1269 kr/m° 3aqMBaIM B TEPMOCTATOBAHMII PEAKTOpP Ta INPU IEPEMilllyBaHHi
JIOBOJIUJTU JI0 TeMrepatynu gociiay. [licis qocsrueHHs moTpiOHOT TeMmepaTypu y
peaktop BHocuiu 100 r Hatpito cynbdary 1 yepe3 10, 20 ta 30 xB B mOYaTKy

nocniay BigOupanu mpobOu piakux Ta TBepaux ¢as. Ilicns mporo y peaxtop
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nonaBainy 105 r KpUCTAMIYHOTO KaJlik0 XJIOPUIY 1 Jaji TPOBOJAINA MEPEMIITyBaHHS
3 IEPIOUYHUM BiTOOpPOM P00 uepes KoxHuX 10 XB.

[IpoBoamiM Bi3yalibHI JOCTIDKEHHS B3a€MOIli MOHOMIHEPAJIbHUX 3pPa3KiB
MiHEpasiB 13 JECATHUBOJHUM HaTpito cyiabpaTtoMm. KokHHUN MOHOMIHEpalIbHUN
3pa30K MOMIIANIA Ha Iap HaTpiio CyiabpaTy Ha MPEAMETHOMY CKIl 1 CTaBWIHA B
MOBITPAHUI TepMmocTat 3a Temreparypu 293 £ 0,5 K1 273 + 0,5 K. Uepes 20 nibd
3pa3Ky BUIMalK, CIIOCTEPIraiy 3MiHH B CTPYKTYPi 3pa3KiB 1 (poTorpadyBanu ix.

Jns mocnmipkeHb KOHBepCli MOJIMIHEpaIbHOI PyAM 3 KPHUCTAJIOT1IpaToM
HATpi0 CyibdaTy TroTyBajM JABa 3pa3Ku MOAPIOHEHOI MOJIMIHEPATbHOI PYAH: Y
nepmomy 1800 r pyau 3BonoxyBanu 180 mn Boam, y npyromy 1800 r pyaum
3MinryBanu 3 164 v mipabutity (90 r Boau) 1 90 T Boau. 3pa3ku 3acUnalid B OKpemi
€KCUKAaTOPH 1 MOMIIIaJIM B MOBITPSHUN TepMocTaT 3 Temrneparyporo 293 K. Uepes
20 mi6 JochipKyBalld TMPOIEC iX PO3YMHEHHA. Y TEPMOCTATOBAaHUN pPEaKTop
saqumBamd 0,5 [OM° POSYMHSIIONOTO PO3UMHY, CKIai SKOrO  BiAMOBinaB
TEXHOJIOTIYHOMY PErJIAMEHTY 1 HaBEJAEHUI BHUIIE. Y NEpEepaxyHKy Ha COJbOBUMI
CKJIaJa po34yuH MictuB, Mac. %: MgSO, — 6,93; MgCl, — 6,75; KCI — 6,65; NaCl —
12,21. CniBBiHOIICHHS MK MOJSIpHUMH KoHIeHTpamismu MgSO, 1 MgCl,
cranoBusio 0,814. Po3unn HarpiBanm a0 temneparypu 343 K i1 3acumanu B HbOTO
255 1 pyau, M0 BIATIOBIIAI0 CIIBBIAHOIICHHIO Mac PO3YMHY 1 pyau 2,5.

B 13orepMiunux ymoBax 3a Temmeparypu 343 K cycnensito nepemilryBaiu
npotsrom 30 xB. Ilicns 1mporo mepemMinryBaHHS TPUIUHSIIN, B CYCIEH31IO
nputuBaii 10 ma 0,25 %-Horo po3umHy mnoJiakpuwiaminy st GIOKYISIi
[NIMHUCTUX JIOMIMIOK 1 BiAcToroBayid. OCBITIEHY piaky (a3zy AexkaHTyBaid,
HEPO3UMHEHHI 3aTUIIOK (QUIBTPYBaNU 1 3BaKyBaid. DIapTpaT 1 ocaa aHali3yBalIH.
3a pe3yapTaramMM aHalizy Mpod pIAKUX Ta TBepAux (a3 3a JOMOMOroro
cnerianbHOi mporpamu Ha [1K po3paxoByBanu miHepaibHHM CKIa TBEpAUX ¢as.

Jlnst  AOCHiKeHHS — MIHEpPaJIbHOTO  CKJIaAy  MNPOAYKTIB — KOHBepCli
MOJIMIHEpAJIbHOI PYAM 3 HATpilo CyIb(aToOM 3aCTOCOBYBAIM pPEHTTeHO(a3aBUi
MeToa aHamizy. PeHTreHodaszoBwii aHami3 BHUKOHYBAIA 3a  JIOIIOMOTOIO

nudpakTomerpa AJII1-2.0. YMoBu 3uimanus: 1=16 mA, U=34 kV, Fe —antukaron
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1 Mn-dinptp. HIBUAKICTh pyXy JIYMJIBHUKA CTAHOBMJIA 2 TPaayCH 3a XBUJIMHY.
Jns  po3mmdpyBaHHS PEHTTEHOTpPaM BUKOPUCTOBYBaM KapToTeky ASTM,
nudpakTorpaMu MOPOIIKOBUX MpenapaTiB, €JIEKTPOHHUM BapiaHT audpakTorpam y
dopmari jpq(tif). MaTtemarnany oOpoOKy pe3ysIbTaTiB PeHTTeHO(PA30BOr0 aHATI3Y
3aificHroBaNM y porpami Origin.

Jlocnipkyroul ~ KOHBEpPCIIO  TOJIMIHEpajdbHOI  KaliiiHOI  pyau 3
KPUCTAJIOTIAPATOM HaTpito cyibdary (MipaOiaiTOM) peHTreHO(Pa30BUM aHATI30M,
MOXHa TI€PEKOHATUCh B YTBOPEHHI1 IOJIMIHEPAJIbHOI CyMIilll, sIKa MICTUTh
JIETKOPO3UMHHI Cynb(haTHl KaimiiiHi 1 MarHi€Bl MiHepald 1 SKYy JOLLIBHO B
IPOCTOMY TEXHOJOTIYHOMY TpOLECl NEepepoOdsIATH TalypridHUM METOJA0M
PO3YMHEHHS-KpUCTaIi3allii Ha MICHIT 1 TaliTO-TOJITaTITOBUM TBEPIUN 3aHIIOK
0e3 YTBOPEHHS BIIX1JHUX MArHIMXJIOPUIHUX POZUUHIB.

JlocnixyBaiu nporec KOHBEPCii BaXXKOPO3UMHHOTO JIAHTOCHHITY B HIEHIT Y
HIMPOKOMY TEMIEPAaTypHOMY Jlana3oHi, a TAKOXX PO3UMHEHHS TiIpaTOBaHOI PyAH 3
METOI0 BUOOPY ONTHUMAJIBHOI TEMIEPATYPH, CIIBBIAHOLMIEHHSI Mac P1AKOI 1 TBEPIOT
da3, 1 TpuBajocti mporecy. Pe3ynpTaT AOCHIDKEHBb NaayTh 3MOTY BUOpaTH
ONTUMAaJbHI 3HAYEHHS TE€XHOJOTTYHUX MapaMeTpiB.

Jnst  pociimpKeHHs TMpolecy KOHBEpCli MPUPOTHOTO  KIZEpPUTY Opaiu
BIZMOBIAHO (3a piBHsAHHIM peakiiii 3.8) 360,4 r MPOMHUTOro 3paska MPUPOTHOTO
kizeputry, 287,9 r kamito xjopuny, 369,9 r narpito cynbbary i 257,8 T BoaM.
Kinbkicts Boau 6panu 100 % Big crexiomeTpii.

JocnipkeHHst mpouecy rigparauii JaHrOeWHITY TPOBOJUIM 3a TEMIEPATYPH
273, 293, 303, 313, 323 i 333 K. Buxigauii 1aHTOCHHIT B TEPMETUYHIN YITaKOBITI
Ta TMOCyd Tepe] EeKCIEPUMEHTOM 30epirajd B TMOBITPIHOMY TEPMOCTaTI 3a
TeMmneparypu gocmiay. Jis mochmimkeHb peakiii koHBepcii Opanmu 1020,4 T
JaHTOCHHITY 3 PO3MIpOM YacTHHOK 3 — 5 MM, 352,2 T necATUBOJHOTO HATPIIO
cynbdary, 369,7 r kamiio xtopuay i 267,8 cM® maucTHIboBaHOi Boau. Macy BojmM
utst ekcnepuMeHTy B3suin 50 % Bij cTexiomMeTpii Juisi YTpUMyBaHHs ii B 00’ eMi,
30epeKeHHST CUITYyYOCTl CYMIIlll, a TaKOX 3PYYHOCTI MPOBEACHHS EKCIEPUMEHTY.

CyMill peTeapHO 3MINTYBAJIM, 3aCUTIAd B TMOJIETUICHOBUM MIIICUOK, MOMIIIAIN
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HOTr0 B €KCHKATOp 1 pa3oM 13 HUM Yy MOBITPSIHUI TEpPMOCTAT, BCTAHOBJICHUN Ha
3a/laHy TeMIlepaTypy. 3pa3y Iicis 3MIITyBaHHS KOMMIOHEHTIB BimOupamu 100 r
CYMIIII 1 TIPOBOJIUIIM XOJOCTHHM JOCIIJ IIJISIXOM PO3YMHEHHS BigiOpaHoi mpoOu B
400 mn Boau. [Ipobu Bigbupanu vepes 1, 2, 3, 5, 7, 10, 15 1 20 xi6. Jlns mporo 3
eKCUKaTOpa BUUMAaM MIIIEUKH, BMICT PETENbHO nepeminryBaiu, Bigoupanu 100 r
pearyrouoi CyMiln 1 IEPeHOCHIIH 1i Y TEPMOCTATOBAHUM PEaKTOp 3 MIIIAJIKOIO, B
AKuid nonepenHbo 3anuBanu 400 e NUCTWIBOBAHOI Boau. Po3unmHEHHS
3niicHioBaM 3a Temrneparypu 293 + 0,5 K. Bigbupanu npodu pozunny depe3 10 1
15 xB, QinbTpyBasn iX MiJ pO3piIKEHHSIM Ha Jiiiii biroxHepa, BcTaHOBJEHIN Ha
ko001 byH3eHa, B momepenHbO 3BaX€HY Ha AaHAMITHYHUX Barax MNpoOipKy 1
aHaTI3yBaJll Ha BMICT KaTIOHIB Ta aHIOHIB 3a OMHMCAHOIO BHILE METOIUKO0. I3
OTPUMAaHHX Pe3yJIbTaTiB BU3HAYAIN CEPETHE 3HAUCHHSI.

3a pe3ynpTaTaMd XIMIYHOTO aHalizy piAkuxX ¢a3 po3paxoByBaju CTYMiHb

KOHBepcii (0) JAaHTOCHHITY B IIEHIT 32 PIBHIHHSM:

m_-C . )-(m -C .
o= ( p-Hy Mg ) ( p-Hy (xom) Mg (m)) .100%
m|_a : CMg2+ (2'1)

ne, M., —Maca pinkoi ¢dasu miciast po3urHeHHs IPOOH, T
M, yxom — Maca piakoi ¢a3u Mmcist pO3UMHEHHS MPOOH XOJ0CTOrO AOCTILY, T

C g — KOHIEHTpartis ioniB Mg>'y npo6i pozunny, Mac. %;

.. . 2+ . .
Mg** ., — KOHLIEHTpawis ioHiB Mg~y mpo6i xomocToro pociiay, Mac. %;

X0I1)

m, L P y _
2 —mMaca janroeinity B 100 r cymimii, Big1OpaHoi 1u1sl pO3YUHEHHS ,T;
C

. 2 o -
mg? — BMicT M@“" B 3pasky npupoaHoro naHroeiiniry, Mac. %.

Macy piakoi ¢azu micns pozunneHHs (M,,.,y) BU3HaYaU 3a GopMynoro:
m — 400+m H,0B cym.
p-Hy
Covo (2.2)

B TIp00i

Ie, mHZOg cyn. — Maca Boay B 100 r cymiii, BigiOpaHoi aJig pO3UYNHEHHS, T

H;0, 5 —KOHIIEHTpALlls BOJIM y BiA1OpaHiii mpoOi po34yuHY.
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2.2. Onuc Jad0paToOpHOi YCTAHOBKH

JIOCIi/DKEHHST TIPOIECY PO3YMHEHHS MPOBOIMIN B i30TEPMIYHHX YMOBax 3a
temneparypu (293 - 353) = 0,5 K na maGopaTopHiii TepMocTaTOBaHIM YCTaHOBIII,

sKa Moka3aHa Ha puc. 2.1,

Puc. 2.1. JlabopaTopHa ycTaHOBKa JJIs JOCTIIKEHHS TIPOIECY PO3UUHEHHS:
1 — cxustHU peakTop; 2 — TYMOBa KpUIIKa; 3 — BaJI MIIIAIKu; 4 — MIIIaIKa;
5— BoasHuUl TepMocTart; 6 — enexktpoaBurydH MYH-2; 7 — naboparopuuii

aBTOTpancpopMaTop; 8 — BUMIpIOBaU MIBUIKOCTI; 9 — TepMOMETp

VYceraHoBKa i PO3UMHEHHS CKJafayiacs 3 TEPMOCTATOBAHOTO pPEaKTopa 3
KPHIIIKOIO 1 MIIIAJIKOI0, BOJSIHOTO TEpMOCTaTy, TepMoMeTpa. PeakTop npeacrasise
c000r0 IBOCTIHHY CKIIsIHY nocyauHy (1) 06’emom 1,2 1. TlocTiiiny TemnepaTypy B
peakTopi 3aMipsutn TepmomeTpoM (9) 1 miATPUMYBAJIH 32 paXyHOK MepeKavyBaHHS

BOJAM MDK CTIHKaMu peaktopa Big Tepmoctarty (5). Tepmocrtar mpaiioBaB B
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nianazoni Temneparyp 273 — 353 K 3 Tounictio + 0,5 K. Peakrop 3akpuBanu
TYMOBOIO KPHIIKOIO (2), Y IEHTPi SKOI 3HAXOIUBCS OTBIp IS BTy MPOMEIECPHOI
ckistol Mimanku (4). Mimanka oOepTanacst Bijg enektpoasuryHa MYH-2 (6).
[IBuaKicTh 0OEpTaHHS PETYIIOBAIH JIAOOPATOpPHUM aBTOTpaHchopmaTopoM (7) i
3aMipsUTH BUMiprOBavYeM MIBUAKOCTI (8).

Omwc 3arajqbHOT METOAMKHU Ta OCHOBHUX METOJIB JOCHIKEHb, BAKOPUCTAHUX
y QUCepTaliiHiid poOO0Ti, HAaBEACHO B OMyOJIikoBaHMX parsix [178 — 189].

Onmepkani pe3ylnbTaTh JOCHIDKEHb Ta iX OOrOBOpPEHHsS HAaBEJACHO B

NOJIaBIINX PO3/ALNIaX 1i€i podoTH.
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PO3/11 3

JTOCILIKEHHS B3AEMOIII XJIOPUJTHUX KAJIIMHUX I KAJIIHHO-
MATHIEBUX MIHEPAJIIB I3 HATPIIO CYJIb®ATOM

3.1. locaigkeHHs1 TepMoOAMHAMIYHOI HMOBIPHOCTI peakuiii KoHBepcii

XJOPUAHUX KATIMHMX I KaJiiHO-MarHieBUX MiHepaJiB i3 HaTpilo cyabdaTom

[TepepobiienHs MOJTIMIHEpaJTbHUX KaTIHUX pya Ha IICHIT
(K2S04-MgS0,4-6H,0) i Ge3xiopuaHy KajaiMaraesiro 3a BIJOMHMH TEXHOJIOTISIMHU
CYNPOBOJIKYETHCSI PEAKIISIMU KOHBEPCIi 3 YTBOPEHHSIM MAarHito XJIOpUAY, SKUU Y
BUTJISIAI HAJTMIIKOBOTO IIEHITOBOTO PO3YMHY JUIsl 3MEHILIEHHS BTpPAT ILIHHHUX
KOMITOHEHTIB TOJal0Th Ha OaraTtocrtajiiiHe BumaproBaHHs [162]. Ile cnpuuwnHioe
3HAYHI JIOJATKOBI KaImiTaldbHI Ta €HEPIeTUYHI BUTPATH 1 3HIKCHHS €KOHOMIYHOI
e¢(eKTUBHOCTI BUPOOHMIITBA. YHUKHYTU YTBOPEHHS MAarHil0 XJIOPHIY MOXHa
B3a€MOJII€I0 BUXIJIHOI CUPOBUHU, 110 MICTUTh XJIOpUaH1 KamiiHi (cunbBiH KCl) 1
kamiiiHo-marHieBi  (kaimit  KC1-M@SO4-3H,0, xkapuamit KCl-MgCl,-6H,0)
MiHepasu, 3 HaTpito cyabpaTom abo ioro mineparamu (Mipadimit Na,SO,4-10H,0,
teHapaut Na,SO,4, Bantroddit 3Na,SO,4-MgSO,). B pesynbrari nepebiry peaxiii
KOHBEpCIi yTBOPIOIOTHCS CyNb(MaTHI KajiiiHl 1 KaJiiHO-MarHi€Bi COJi Ta HATPIIO
XJIOPHU]I.

[TincTaBy st OYIKYBaHHSI TaKOTO HAIPSIMKY Mepediry peakiii nae Toi ¢akr,
10 B MOKJIaJaX MOJIMIHEPATbHUX KaTIMHUX Pyl KaJll0 XJOpUJ 1 MIHEpal, SKi
HOro MICTSATh, OJJHOYACHO 3 MiHEpaJlaMH HaTpilo cyiabdaTy He BusBieHi [163].
Kpim Ttoro, y pmoBigHukoBiii mitepatypi [164,165] monst kpucramizamii mux
MIHEpaJiB Ha JlarpaMax pPO3YMHHOCTI HE MalTh CHIIBHOI MEXl1 1 CHIUIBHHX
GbirypaTMBHHX TOYOK, a B TBEpAuUX (pazax HE CIOCTEPITAEThCS IX OJHOYACHA
IPUCYTHICTb.

KonBeproBany 13 Harpito Cyiab(}aroM BUXIAHY CHPOBUHY JOLIBHO
nepepoosIATH B Takiii TOCHITOBHOCTI: 3MINIyBaTh i 3 HArpiTUM 3BOPOTHIM

HIEHITOBUM PO3YMHOM, OJIEp’KaHl BHACHIZIOK KOHBEPCIi JIEMKOPO3UMHHI KaJIliHO-
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MarHi€Bl MiHEpajau PO3YMHSITH, HACUMYCHUN PO3UYMH BUIIUIATH BiJ HEPO3UMHEHHX
MIHEpaJTiB 1 TIAMHUCTUX JIOMIMIOK 1 OXOJIOI)KYBaTH JUIS KpHUCTami3alii
NpoayKIiiHOro MmeHiTy. OcTaHHif (UIBTpYBaTH 1 BUCYIIYBAaTH 3 OJCpKAHHSIM
KaJiMaruesii, a po3yuH, y SAKOMY KOHIEHTpAIlil MAarHii0 XJOPUAY 3aJUIIA€THCS
MOCTIHHOIO, TIOBEpTAaTH Ha PO3YMHEHHS BUXIJHOI KOHBEPTOBAHOI 13 HATPIIO
cyibdaroM cupoBUHU. B pe3ynbTaTi 1[bOr0 HAJUIMIIKOBHUI IIEHITOBUM pPO3YUH HE
YTBOPIOETHCS, BiANAAa€ HEOOXITHICTh HOTO BUIIAPIOBAHHS 1 3HAYHO CIIPOIIYETHCS
TEXHOJIOT1S MepepoOICHHS TOIIMIHEpaIbHOT CHPOBHUHU.

MeTor0 1MX OOCTIPKeHb OYyJ0 BHUBYEHHS TEPMOJMHAMIYHOI HMOBIPHOCTI
nepediry peakiiii KOHBepCli MiHepaliB MOJIMIHEPAIbHOI KaldiiHOI CUPOBUHH 3
HaTpito cyibparoM. PosriasHeMo WMOBIpHI peakilii KOHBEPCIi XJIOPHIHHUX
KTIIHUX 1 KaJlIiHHO-MarHi€BUX MIHEpaJiB 13 HATPIIO CyJIb(aToMm.

CunpBiH y CepefoBUINl HACUYEHOTO PO34YMHY, (irypaTvuBHa TOYKa SIKOTO
nepedyBae y MoJji KpucTani3allli HeHITy, KOHBEPTY€E B IICHIT 3a PEAKIIIEIO:

2KCI + 2MgSO, + 6H,0 = K,SO,-MgS0,-6H,0 + MgCl, . (3.1)

VY npucyTHOCTI HaTpito Cylbdary peakiiisi KOHBepcii MpoTikae 6€3 yTBOPEHHS
MAarHiro XJIOPUIY.
2KCI + Na,SO4 - 10H,0 + MgSO4(,)=K,SO,-MgSO,-6H,0 + 2NaCl + 4H,0. (3.2)

3a HaMIIKy HaTpito cynbdaTy 1 HOPMAIBHOI TEMIIEpaTypU MOXKeE
yrBoproBatuch actpaxaHit (Na;SO4 MgSO,4-4H,0), a B nHarpitomy Bumie 343 K
po3unHi — BaHTrohdit (3Na,SO4 MgSO,).

KainiT y cepenoBullll MEHITOBOTO PO3YMHY KOHBEPTYE B IICHIT 32 PIBHSIHHAM
peaKIii:

2(KC1-MgS0,-3H,0)=K,S0,-MgSO,-6H,0+MgCl, . (3.3)

VY npucyTHOCTI HaTpiio Cylb(aTy KOHBEPCis KaiHITy 3 YTBOPEHHSAM IIEHITY
npoTikae 6e3 yTBOPEHHS MarHito XJIOpHUIYy.
2(KC1-MgS0,4-3H,0)+ Na,SO4- 10H,0 = K,S0,-MgSO,4-6H,0 + 2NaCl+

+MgSO,-7H,0 +3H,0 ; (3.4)
KCI-MgSO,-3H,0+KCI+Na,SO,-10H,0=K,S0,-MgSQO,-6H,0+2NaCl+
+ 7H,0 . (3.5)



45

[Naparartiis BaAXXKKOPO3YMHHOTO JIAHMOEHHITY B MPUCYTHOCTI Kait0 XJIOPHUAY 1
HATPIIO CyNb(aTy IpOTiKae 3a PIBHAHHIM PEaKIIii:

K,SO,4-2MgSO, + Na,SO,4-10H,0 + 2KCl +2H,0 =2(K,S0,-MgS0,4-6H,0)+

+2NaCl . (3.6)

[3 HaBeseHOrO PIBHIHHS peakilii BUIHO, IO KpHUCTai3alliifHa BOAAa HATPIIO
cynbdaTry Oepe y4acTh Yy KOHBepcii jJaHrOeiHiTy B 1meHIiT. be3 HaTpito cynbdary
rifpaTariisi JJaHTOEWHITY B MPUCYTHOCTI KaNil0 XJIOPUIY MPOTIKAE 3a PIBHAHHAM
peaxiii:

2(K;S0,42MgS0y) + 2KCI+18H,0 = 3(K,S0,-MgSO,-6H,0) + MgCl, (3.7)

[ppaTamisa Ki3epuTy B NPUCYTHOCTI KAl XJOPUAY 1 HATpito cyibdary
MPOTIKAE 32 PIBHSHHAM PEAKIIii:

MgSO,-H,0 + 2KCI +Na,SO,+5H,0 = K,SO,4-MgS0O,-6H,0 + 2NaCl (3.8)

Kputepiem oImiHku HampsiMy mepediry peakiii € 1300apHO-130TE€pMIYHMIMA
noteHiian (enepris [160ca). CamoBiIbHO, 0€3 3aTpaT poOOTH, MPOTIKAIOTH PEAKITIT
y saxkux AG, 1 <0.

Uum menmie 3HaueHHss AG TuM OU1bIIIa IMOBIPHICTD MEPEOITy peaKilii.

AG = AH - TAS (3.9)
ne, AG —3mina eneprii ['160ca, kJ[»/Mob;

AH — 3miHa eHTanbii, K/{/M0Ib,

T — abcomrorHa Temmneparypa, K;

AS — 3miHa eHTporii, kJ>k/MOJb.

JI71st BU3HAYEHHS TEPMOJIMHAMIYHO1 KMOBIPHOCTI Mepeoiry peakiiiii KoHBepcii
XJIOPUAHUX MIHEPANB 13 HATpPil0 Cyab(paTOM y IIEHIT BaXKJIMBO BCTAHOBUTHU
TeroBui edext peakiii. Bimomo [166], mo peakiii caMOBIIBHO HPOTIKAIOTh
TOJ1, KOJI B iX pe3yJbTaTl BUISAETHCS TEIIOTA.

3a eHTa’bMisSIMA YTBOPEHHS MIHEPAJiB PO3PAaXOBAaHUN TEIUIOBUH e(eKT
peaxiiii 3rigHo 3akoHy ['ecca [167]:

AHp-uil - ZAan.p-uii' - ZAHeux.p-H (3.10)
ne Y AH,, ,.,;— CyMa eHTalblli yTBOPEHHS NPOJYKTIB peakuii,

Y AHgyx p-— CyMa €HTANBIIN YTBOPEHHS BUX1THUX PEYOBHH.
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Jlo 4yucTOo XIMIYHUX peakIilii MO)KHAa BIJHECTH 1 MPOIEC PO3Maay 10HHHUX

. . .. + -
KPUCTaNIB Ha ra3onoxioHi ionn K ta Ay,

Asz K+(r) + A_(r) + (- AH0298)

ne AHy— eHTalbIisl yTBOPEHHS 10HHOTO KPUCTAIY;

0 .
AH" 55— TemoBHI epeKT peakxiiii.

TeroBuil e(peKkT TakuX TMPOIECIB HA3UBAETHCS

(3.11)

CHEPTi€I0 KPUCTATIYHOT

IpaTK, sIKa JOPIBHIOE TEIUIOTI PO3YMHEHHS I[i€] PEYOBHMHHM 3 MPOTUIICKHUM

3HAKOM «-AHp».

Asz K+(F) + A_(r) + AHp

ne AH, — Tennora po3unHEHHS.

(3.12)

Po3paxyBanu 3Minu enTanbmii ais peakiii (3.4) 1 (3.5) konBepcii kaiHiTy 3

HATPIIO CyJb(aToM Ta KaJlilo XJIOPUIOM B IICHIT.

Enrtanpmii yTBOpeHHS MiHepaniB, ski OepyTh ywacth y peakuii (3.5),

CTaHOBJIATB.

AHysne = 2Ky + SO, 1y + Mg®* ) + SO4” ) +6H" 1y + 60H (1) + AH,she;
AHyka = K'y + Cl' oy + Mg® iy + SO4% ) +3H" ) + 30H ) + AH ks
AHyir = 2Na"* ) + SO,% () +10H" ) + 100H ) + AH i
AHygp = Mg* () + SO4% ) +7H" () + TOH () + AHpp;
AH, = 2K* + SO,% +2Mg* +2S0,” +AH,,;

AHynaci = Na“y + Cly + AH 98N,
AHykel = K+(r) +Cl'y + AH 5ggxcr;

ne She — menit; Ka — kaiuit; Mir — mipa6imit; Ep — encomit; La — maHrOeHir.

Tennotu po3uMHEHHs MiHEpaJliB HaBeAeH1 y Tabmnui 3.1.

Tabmus 3.1 — TemnoTu po3YMHEHHS MIHEpPANiB, SIKI BXOAATH JO CKIAaay

noJIIMiHEpaNIbHUX KadiiHux pya IIpukapnarts

K,SO,-MgSO0, -6H,0

Minepan ®opmyna AH,, xJIx/MoI1b Jlitepatypa
Encomir MgSO,-7H,0 -15,71 168
[Ienit -42,61 170
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[Iponopxenus tad:m. 3.1.

Kainir KCI-MgSO,-3H,0 6,21 170

Mipabimit Na,SO,-10H,0 78,5 170

JlaHrOenHIT Na,SO,-10H,0 86,88 170
AHoggg, kJI>k/MOJIb

CwibBiH KCI 18,67 169

[amiT NaCl 5,13 169

Marsiro XJI0pH MgCl, -12,31 168

3MiHa eHTaNbmil peakilii (3.5) TopiBHIOE:

AH,i =[(2K' () + SO4% () + Mg™ ) + SO4% () + 6H'(y + 60H ;) + AH,spe) +
+2(Na’ ) +Cl o+ AH 30enacr) + 7(H ) + OH )] = [(K' () + Cligy + Mg ) #5047
+ 3H",, +30H, + AHya) + (K'q +Cloy+AH %0kc) + (2Na'y, + SO/ +
+10H" ;y+100H;y*AH,mir)]-

[Ticist ckopoueHHS! OJUHAKOBUX JJOJIAHKIB OJECPKYEMO

AH,.,;= AHgshe + 2AH 08nac1 — (AHpka + AH’0sxct + AHpmir) = —42,61
+2-5,13— (6,21+ 18,67 + 78,5) = —135,73 x/Ix.

[Tix yac B3aeMoii KaiHITY 3 HATPiIO CYIH(ATOM 3 YTBOPEHHSIM HICHITY 3MIHY
eHTaubIii peakii (3.4) Ha OAHY MOJIEKYITy KaiHITy PO3PaxOBYIOTh aHAJIOTIUHO.

AH, ;i = [RK" o) + SOy + Mg™ ) + SO ) + 6H"y + 60H 1y + AHghe) +
+(Na'q) +Cl'oy +AH %8nac) + (MO ) + SOy +7H'y + 7OH ;) + AHpg,)+
3(H" oy *OH )] —[2(K’(ry + Clgy + Mg* ) + SO4°) + 3H"(y + 30H ) + AHpa) +
(2Na’ ) + SOy + 10H" ) + 100H,) + AH,ui)-

[Ticnst ckopoueHHsI MoII0HUX TOAAHKIB OJIEPKYEMO

AH,.; = AHpsne + AH%08nac1 + AHpg, — (2AHpka + AH, wi)= —42,61 +
5,13-15,71 — (2x6,21 + 78.,5) = —144,11 xJIk.

Ha onHy MolieKkyny KaiHITy eHTallbIlisl peakilii AopiBHIOE -72,055 kJ>/Mob
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Pe3ynbpTaTu po3paxyHKy MOKa3ylOTh, IO TEIUIOTA PO3UMHEHHS — BEIMYMHA
BiJI’€MHA, 1€ BKa3y€e Ha €K30TEPMIUHICTh MPOIECY KOHBEPCII Ta TePMOJUHAMIUHY
HMOBIPHICTh CAMOBILIBHOTO ii MPOTIKAHHS.

Jlst peakiiii (3.6) 3MiHA €HTANBIIIT JOPIBHIOE:

AH, ;i = [2(2K" ) + SO ) + Mg™ () + SO4% ) +6H" () +60H i+ AHpshe) +
+2(Na"() + Cl'y + AH 0enac)] — [(2K () + S04 ) + 2Mg" () + 2S04 ) + AHpp0)+
+(2Na" ) +SO04p + 10H"y + 100H ) + AHpwir) + 2(K* ) + Cl'y + AH%05 k) +
+2(H"(;) + OH)].

[Ticnst ckopoueHHs MOAIOHUX JO/IAaHKIB OJICPKYEMO

AH,,.,;= 2AHysne +2AH 08naci— (AHpra + AHpvir + 2AH s08cr) = —2-42,61+
+2-5,13-(86,88+78,5+2-18,67) = - 277,68 xJIx.

3miHa eHTaNnbmil peakilii (3.7) TopiBHIOE:

AH,;i: = [ 3RK" o) + SO ) + Mg™ () + SOy +6H" 1y + 60H i+ AH,she) +
+(Mg” ) + 2Cly + AH %8mgci2)] — [2(2K o) + SO4% () + 2M@™ () + 28047 +
AHyo) + 2(K' ¢y + Cly + AH g0gkcr) + 18(H 'y + OH )],

[Ticns cporeHHs MoII0HUX JOAaHKIB OJIEPIKYEMO

AH, ;7 = 3AH,sne+ AH %g98mgci— (2AH 1, + 2AH 98xc1) = —3 - 42,61 12,31 —
2-(86,88+18,67) = -351,24 xJIx.

3a peaxkiiero (3.6) 3Mmina enTanmbmii gopiBHioe -277,68 kJ/[x. Ha omny
MOJICKYJly JaHrOeiHiTy B peakiii (3.7) 3miHa eHTanmbmii jgopiBHIoe -175,62
KJ[>kK/MOJIb.

Peaxitis koHBepcii janroeiinity B menit 3 KCI i Hatpito cynbdarom nporikae
3 BUAUICHHSIM OLIBIIOT KUIBKOCTI TEIla Ha OJIHY MOJIEKYJY JIAaHTOeHHITY, HIXK 0e3
Heoro. Ile pgae miacTtaBy oOYiKyBaTH, IO KPHUCTAJOTApaT HATPilO Cyiabdary
cupusTEME Tiepediry peakiiii KoHBepcii JaHroeiHiTy B mieHitT. Kpucramizariiina
BOJIa HATpilO0 CyJbdaTy MEepexXOoAUTh Y KPUCTAJIOTApaT MICHITY. Y MNPUCYTHOCTI
KPHUCTAJIOTIApaTy HATPit0 Cylb(]aTy MPOTIKaE peaKilisi KOHBEPCii KaiHITYy B IICHIT.

OTxe HaBelleH] pe3yJIbTaTH TEOPETUYHUX Po3paxyHKiB [178] miaTBepmkyoTh
MO>KJIMBICTh MEPEBEJEHHSI MIHEPAIB PYJIU - BAXKKOPO3UMHHOTO JAHTOEHHITY, a

TaKOX XJIOPUIHOTO MiHEpaTy KaiHITy - B IIEHIT 1 HATPIO XJIOPHUJ, IO JACTh 3MOTY
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nepepoOJIATH MOJIIMIHEPATbHY KalliHy CUPOBHHY 0€3 YTBOPEHHS HAJJIUIITKOBHX

MarHiMxXJIOpUIHUX PO3UHHIB.

3.2. locaiazkeHHs B3ae€Moil Mipa0diiiTy 3 MOHOMiHepaIbHUMHU 3pa3KaMH, 110

BXOJAITH 10 CKJIAY NOJiMiHEPAIbLHOI Pyau

JUis  miaTBepIKEHHS — pe3yNbTaTiB  PO3PAaxXyHKIB  TEPMOIMHAMIUHOI
HMOBIpHOCTI Tepebiry peakiiii kKoHBepcii MiHepasiB MOJIMIHEpPadbHOI PyaAH 3
KPUCTAIIYHUM HATpPil0 Cylab(paToOM MPOBEIH Bi3yalbHUMH METOAAMH JOCTIAN 3
MOHOMIHEPAJIbBHUMH 3pa3KaMH MPUPOJHUX MIHEPATIB MOJIMIHEPAIBHOI PYIu:
cwibBiHy (KCI), manrOeiinity (K,SO42MgSO,), kainity (KCI-MgSQO,4-3H,0),
nomiramity (K, SO, MgS0,42CaS0O4-2H,0) 3 wmipadimitom  (Na,SO4-10H,0).
MoHoMiHepalbHI 3pa3Kd CTaBWJIM Ha LIap HATPIIO CyJIb(}aTy AECATUBOAHOIO HA
yamkax lleTpi B ekcukaTop Ta momimiaid B MOBITpsSHUM TepmocTtar. [louaTkoBi
3pa3Kd 1 3pa3Ku IICAs TEBHOTO 4Yacy KOHTAaKTyBaHHsA ¢oTorpagyBanu mis
HAcTymHoro nopiBHsHHA. TepMocTaTyBanu 3a Temmepatypu 273, 283 ta 293 K, 1
yepe3 KoxkHi 5, 10, 20 nHiB 3aificHIOBaNM nopiBHsIHHS (puc. 3.1 — 3.4).

Y pe3ynabTaTi KOHTAKTyBaHHA CWJIbBIHY Ta CHJBBIHY 1 KaiHITy 3
KPUCTAJIOTIIPATOM HATpil0 Cyiab(daTy CyMill 3BOJOXYETHCS 1 TMOCTYIIOBO
posmuBaeThess. lle € pe3yabTaToM BUBUIBHEHHS KpHUCTai3alliiHOI BOJAU
MipaOuIITy 1 YTBOPEHHS KPUCTAIOTIAPATIB 13 MEHIIUM YUCIOM KpHUCTai3aIliiHo1
BOAM. Bi3yanbHO criocTepira€ThCsi yTBOPEHHS HOBUX KPUCTANIB, IKUMU, HMOBIPHO,
€ WICHIT. Y MOJIMIHEpalbHIM CyMillll BUBLJIbHEHA BOJA MICIS peakili KOHBEpPCii
CWIBbBIHY 1 KaiHITy 3 HaTpil0 Cyiab(}aroM BCTYyMa€ B pEaKIii0 TiapaTarii
JaHTOCWHITY 3 YTBOPEHHSIM ILICHITY.

Sx BUAHO 3 HaBeleHUX 3HIMKIB (puc.3.1) 3pa3ok MoirajiTy He 3MIHMBCH,
OTKE€ BIH y PEaKI[it0 KOHBEPCii 3 MipabUIITOM HE BCTYyTAE.

Ha pucynky 3.2 6 cnocrepiraéMo yTBOPEHHSI HOBUX KPHUCTaIIB Ha MOBEPXHI

JaHrOeMHITY, IMOBIPHO LIEHITY 1 €TICOMITY.
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I3 puc. 3.3. 6 BUgHO 3MiHYy (hOpMU 3pa3Kka CHUIIbBIHY 1 OSIBY HA HbOMY HOBHUX

KpucTaliB, iiMoBipHO apkaHiTy ( K;SOy ) 1 HaTpiro xmopumy.

0)

Puc. 3.1. ®ortorpadii 3pa3kiB momiraiiTy Ha mapi MipaOuTiTy:

a) MOYaTKOBUM 3pa3ok; 0) 3pa3ok uepes 20 110

6)

Puc. 3.2. ®ororpadii 3pa3kiB CUIIbBIHY, JIJAHTOCHHITY Ha LIapi MipaOUIITY:

a) MOYaTKOBUI 3pa3ok; 0) 3pa3ok uepes 20 116
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6)

Puc. 3.3. ®ororpadii 3pa3kiB cCHILBiIHY Ha IIapi MipaOiTiTY:

a) MOYaTKOBUM 3pa3ok; 0) 3pazok uepes 20 116

a) 0)

Puc. 3.4. ®otorpadii 3pa3kiB KaiHITy, CHJIBBIHY Ha 1Iapi MipabiIiTy:

a) MOYaTKOBUH 3pa3ok; 0) 3pa3ok uepes 20 aid
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I3 pucynka 3.4. 6 TakoX BUAHO Pe3yibTaT B3aemojii MiHepamiB. [IpoBiBiiu
Bi3yaJbHI JOCTIKEHHS 3 MOHOMIHEPAaTbHUMH 3pa3KaMH MOXKHA CTBEP/IKYBaTH,
0 MiHEpaJIW CWIbBIH, KaiHIT, JJAHTOCHHIT B3a€EMOJIIOTH 13 HATPilO CylIb(aToM 1
JUIST  BU3HAUEHHS KUIBKICHUX TIOKa3HUKIB  peakilii TOoTpiOHI JTOJATKOBI
JOCT1IKEHHSI.

3a Ha/UIMIIKY HaTpilo cyibdaTy 1 HOPMaJIbHOI TeMIlepaTypu Yy pe3yjbTaTi
peakiiii KOHBepcli MiHEepaiB MOJIMIHEpaIbHOI CyMIlll 3 HaTpilo CyiabhaTom
MOXJIMBE YTBOPCHHS IOJBIMHUX 13 HATPilO CyJb(aToM Cyab(paTHUX MiHEpaliB:
acTpaxaHiTy, Tia3epuTy, BaHTroddiTy, 0 MpHu3Beae IO MEPEBUTPATH HATPIIO
Ccyab(dary 1 3HMKEHHS CTYNEHS KOHBEpCli XJIOPUIHUX KAJTWHUX Ta KaJllMHO-
MarHi€BUX MiHepaiB y meHIT. [le Moxe BiOyBaTHCh BHACTIAOK TOTO, IO i Yac
3MIIIYBaHHS  MOJIMIHEpaNbHOI pPyaud 3  HATPil0  Cyab(aroM  MOXKIIMBA
HEOJHOPIAHICTh CyMINIl 1 YTBOPEHHS MOABIMHUX cylbdatHux comeit. Tomy
HE0OX1THO OyJI0 BUBUMUTHU 3MIHY PEUOBMHHOIO CKJIAy MOJIMIHEPAIbHOL PYIU T
yac ii KOHBepCii 3 PI3HOK KUIBKICTIO HATpito cyiabdaty. Jns ineHTudikyBaHHA
MIHEpAJIbHOTO CKJIaJy TMOJIMIHEpAIbHOI pPYyId BHACIHIIOK 1i KOHBepcii 3
MipaOuTIITOM TMPOBEIU JIOCTIHKEHHS METOJAOM PEHTreHO(a30BOro aHaizy.
Pe3ynpTaT 1HCTPYMEHTAJIBHOTO JOCHIIKEHHS MPOJIYKTIB KOHBEpCli HaBEIEHI B

HACTYITHOMY PO3iTi.

3.3. Jocain:keHHs pouecy KoHBepcii moJiiMiHepaJiLHOI pyau i3 HATpilo

cyJ1b(aTOM 3 BUKOPUCTAHHAM PEHTIreH0()a30BOr0 aHAJI3Y

Sk Oyrn0 moKa3aHO B MOMEPEIHIX PO3/iiaxX, Y pe3yabTaTi KOHBEPCii CUIIbBIHY
1 KaiHITy 3 KPUCTAJIOT1IPATOM HATPIIO CyIb(}aTy CyMilll 3BOJIOKYETHCS 1 TOCTYTIOBO
po3mmBaeThes. Lle € pe3ynbratoM BUBIIBHEHHS KpHUCTami3amiiiHOI BOJIU
MipaOuUIITy 1 YTBOPEHHS KPUCTAJIOTIAPATIB 13 MEHIIUM YUCIOM KpHUCTai3aIliiHol
BOoAM. BuBiIbHEHA BO/IA BCTYyMA€E B PEAKIIIIO TiApaTalii JJAHTOCHHITY 3 YTBOPEHHIM

HIeHITY 1 enicomiTy. ToMy mojiMiHepaiabHa CyMIII MICsI KOHBEPCIi 3aJIMIIAETHCS
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Maibke cyxoro. KpucramizamiiHoi Boau MipaOUIITy Uil TMOBHOI Tiapararii
JaHTOCHHITY HE JOCTATHBO.

[Ipomec KoOHBepcii XJOPHIHMX MIHEpPAJiB 13 HATPil0 Cylab()aToM MOXKHA
MOEHATH 3 TPOIECOM Tifpartaiii Ba)XKOPO3YMHHOIO JIAHTOEHHITY 3 BIJOMOTO
crioco0y TepepoOIeHHS MoJTIMIHepaIbHOT KautiiHo1 pyau [86]. V mpomy croco6i
noApiOHEHY Pyay 3MINIYIOTh 13 BOJOK a00 COJSHUM PO3YMHOM 1 BUTPUMYIOTH Y
TepukoHax mpoTsroM 20 — 30 110, mepioAWYHO MEPEeKUAA0UN I 3amo0iraHHs
3aTBEpAiBaHHSA CyMIIIl 1 JpeHyBaHHS po3unHy. Ha cranii 3milnryBaHHSA pyau 3
BOJIOIO UM PO3YMHOM JIOLUUIFHO JOOABUTH PO3PAXYHKOBY KIJIBKICTH MIpaOiTiTy y
CTEX1IOMETPUYHOMY CITIBBIJTHOIICHH]1 JO KaJil0 XJIOPHUIY, IO MICTUTHCA Y CHIIbBIHI
1 KaiHITI moyaTtkoBoi pynu. HeoOXimHO Oyj0 TakoX BCTAHOBHUTH, YW HE OYIyTh
YTBOPIOBATUCH TOJIBIIHI Cynb(paTHI KaliliHI COJIl 3 HATPilO CylIb(paToM 3a PI3HOI
CTEX10METPUYHOI KUTLKOCTI HAaTpito cynbdaty. Lle moTpibHO 115 TOro, 110 mij] yac
3MINIyBaHHS  MOJIMIHEpPAJIbHOI PyIud 3  HATpilo  Cyab}aroM  MOXKIIMBa
HEOJHOPIHICTh CyMIllll 3 JIOKAJIBHUMHU BIAXWJICHHSIMU BIJ CT€X1OMaTPUYHOTO
CHIBBIJHOILIEHHS pEaryt0unx pe4OBHH.

VY mpouect 3MillyBaHHS MOJIMIHEPATBbHOI PYAH 3 COJBOBHUM PO3YMHOM 1
MIpaOUTITOM AOUUIBHO 3A1MCHUTH OYMILEHHS BUXIJHOI PyIX BiJ OUTbLIOI YACTUHU
TJIMHUCTUX JOMIMIOK. [le moTpiOHO TakoX JJIsi KOHIIEHTPYBaHHS MIHEpaJIiB CyMilIl
Ta TOKpAIIEHHS yYMOB /Jisi peHreHoda3zoBoro aHamizy. s OYHIIEHHS MOXKHA
BUKOPHCTATH HAarpoOMaJXKeH1 y XBOCTOCXOBHINAX, Kap €pi 1 JIKBIIOBAHUX IIAXTax
KOHLIEHTPOBAH1 COJIbOBI PO3YMHHM, AKI NepeOyBalOTh y PIBHOBA3l 3 MiHEpajlaMu
NoJIMIHEpabHUX TOKJIaAiB. OUUIEHHS 3I1MCHUTU 3MIIIyBaHHM MOJPIOHEHOI
pyIy 3 HACMYEHHM PO3YMHOM 1 MOJANBIINM JIEKAaHTYBAHHSIM JPiOHOAUCTIEPCHOT
IJIMHUCTO-CONIbOBOT  cycnen3ii.  KoHTakryBaHHs  moapiOHEHOi  pyau 3
KOHIICHTPOBAaHUM PO3YMHOM J[OMOpPOBCHKOTO Kap’€py AacTh 3MOTY MEepeBEeCTU B
3aBIMICHUI CTaH TJIIMHUCTI YaCTHHKH, SIKI MepeOyBarOTh Ha IMOBEPXHI YACTHHOK
pyau. OTpuMaHy CyCIEH3110 HalpaBJIATH Ha MOMEPEIHE MICIIE JJIsI BIJICTOIOBAHHS.
TakuM YMHOM MO’KHA MOCTYIIOBO 3aMYJIIOBAaTH TipHUYI BUPOOKU KaJiHUX IIaXT

[TpukapnarTs, siKi 3apa3 3all0BHEHI KOHLIEHTPOBAHUMHU PO3COJIAMHU.
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Jns mocnipkeHb Opany moApiOHEHY NoJIIMIHEpadbHy pyay, CKIam sKOi
HaBeJeHUH pamime. i 3mimyBanu y MacoBoMy cmiBBigHomienHi 1:2,5 i3
KOHIICHTPOBaHUM PO34nHOM JloMOpOBCBHKOTO Kap’epy, BIAIOpaHUM 3 TJIUOMHHHUX
mapiB. BiactoroBamm 10 — 15 ¢ 1 mekaHTyBaJid TJIIMHHUCTO-COJILOBY CYCITCH3IIO.
TBepauil 3ajMIIOK 3MIITyBad 3 PO3PAXyHKOBOIO KIJBKICTIO KPUCTAJIOTiIpaTy
HaTpil0 CcyiabdaTy, BOJOTY CyMIIl 3acUNad B IMOJBIMHUN TOMIETUICHOBUN
MIIIIEYOK, CTAaBWJIM HOro B €KCHKATOp 1 MOMIIIANN B MOBITPSHUN TEPMOCTAT, Y
akoMy Oyna BctaHoBieHa Temrieparypa 293 K. Ilepioguuno uepe3 5 — 7 mHiB
CyMIIll y MiIIeYKaxX pO3MyIIyBaIA IS 3amoO0iraHHs 3aTBep/iBaHHI. bynu
MPUTOTOBJICHI TaKUM YWHOM 4OTHpHU 3pa3ku (puc. 3.8 — 3.11) cymimri ounieHoi
pyIu 3 Pi3HOIO KUIBKICTIO HATPIIO CyIb(}aTy, 3pa30K 3BOJIOKEHOT OUHUIIIEHOI pyaAu
6e3 Hatpito cymbdary (puc. 3.7). [IpoaHamizyBanm TakoX 3pa30K OUYHIIEHOI BiT
TJIMHUCTUX JOMIMIOK PYJIM HUISIXOM 3MIIIyBaHHS i1 3 KOHIEHTPOBAHUM PO3UYHHOM
JIoMOpOBCHKOTO Kap’epy , HACTYIHOTO JEKAaHTyBaHHS, (PUIBTpyBaHHS oOcaay Ha
GuIpTpyBaJIbHOMY — mamepi  «0Oiga  CTpiuka», MPOMHUBAHHS  OcCaay  BiA
MDKKPUCTAJIBFHOTO PO3YMHY CIIOYATKY COHSIITHUKOBOIO OJIEI0, MOTIM alleTOHOM 1
BUCYIITYBaHHS B MOBITPSIHOMY TepMocTaTi 3a Temnepatypu 323 K (puc. 3.6). s
OIIIHKM BIUTMBY TJWHUCTUX JOMIMIOK Ha pPE3yJbTaTH aHai3y BUKOHAIM TaKOX
aHaJIi3 MoJIIMiHEepaJIbHOT KaJIiiiHOT pyau 0e3 0y/b-s1k01 00poOku (puc. 3.5).

Sk mokazasu pe3yabTaTh JOCHIIKEHb, OUUILNECHA BiJ TJIUHUCTUX JTOMIIIOK
BUXigHa pyaa (puc. 3.6) MicThiIa TajiT, JaHMOCHHIT, CUIIBBIH, KaiHIT 1 Ki3epuT. Y
HEBEJIMKIM KIJTBKOCTI BUSIBJICHI JOMIIIKKA TPUBOJHOTO KPUCTAJOTIIpATy MarHiio
cynbdaty, nojairaiity i menity. [{i MiHepai BUSBJICHI TaKOXK y HEOUMIICHIN BiJl
TIIMHUCTUX JOMIMIOK pyai (puc. 3.5) 3a BUHATKOM TOJITANITY, SIKOTO Yy 3pa3ky 1
BUSBJICEHO OUIbIlle, 10 Ja€ TIJCTaBy BBaXKaTH, IO TJUHUCTI JOMIIIKK HE
NEPEIIKOKAIOTh PEHTTeHO(A30BOMY aHami3y 1 10 YacTHHA MOJIrajiTy MiA yac

MOKPOTO OUYHUIIICHHS PYAH BIIUIUISETHCS PA30M 13 TTIMHUCTUMU JOMIMIKAMHU.
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Puc. 3.11.ludpakromerpruyHa kpuBa rpodu 6 (mpoda 2+125% mipalbiniTy Bia crexiomerpii). She — menirt, Ga - ramit, Ep —

ericomit, Po — mosiramit
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VY rigparoBaniii cywmimi  0e3 go0aBku  Hatpiro cynbdary (puc. 3.7)
JIIarHOCTOBAHI TaJiT, CHUILBIH, €IICOMIT, JJAHTOCHHIT, JICOHIT, MOJITaIIT, JTOMIIIKH
KaiHITy, IIEHITY, TPHUBOJHOIO MarHio cyibdary, YOTHPUBOJHOIO MarHito
cynbdary.

Y xoHBepToBaHil 13 qo6aBneHHsIM 50 % HaTpito cyibdaTy Bia cTexioMeTpii
3a Kallilo XJOpUJIOM pyAau cyMimi (puc. 3.8) I1arHOCTOBaHI TalliT, €ICOMIT,
CHJIbBIH, TAaHTOCHHIT, J€OHIT, mofiraniT. KaiHiTy 1 meHITy BUABIIEHI JIHILE CIiJIH,
IJIa3epuUT, acTpaxaHiT, BAHTTOG(IT — HE BUSBJICHI.

Y xoHBepTOBaHi# 13 qo0aBiIeHHIM 75 % HaTpito cyibdaTy Bia cTexioMeTpii
3a Kadilo XJOpUIoM pyau cymimni (puc 3.9) AiarHOCTOBaHO TrajiT, EMCOMIT
(OaraTo), CWJIBbBIH, HIEHIT (30UIBIIYETHCS MOPIBHAHO 3 MpoOOI0 3), MOJIraiT.
BusiBrieHi 1OMIIIKY JTaHTOCHHITY.

VY konBepToBaHiii 13 go6asieHHsaM 100 % HaTpito cynbdary Bif crexiomeTpii
3a Kaliio xjopuaoMm pyau cymimi (puc. 3.10) mgiarHOCTOBAHO TajiT, €MCOMIT
(6araro), mieHIT (30UIBIIYETHCA MOPIBHSAHO 3 TpoOoro 4), momiramrt. BussieHi
JIOMIIIKY JIAHTOEHHITY .

KonBeproBana 3 no0asieHHaM 125 % Hatpito cyib(ary BiJ cTeXiOMeTpii 3a
K0 XJOopuaoM pyau cymim (puc. 3.11) npencraBiieHa mEHITOM (1€ OCHOBHA
pPEYOBHHA CYMIIIIl), TAJITOM, €IICOMITOM, IMOJiragiToM. JIaHrOelHHIT 1 CHIIBBIH HE
BUSIBJICHI.

OTxe, SK TIOKa3ald pe3ylbTaTH PEHTreHO(Pa30BUX JOCTIDKEHb, 13
30UIBIICHHSIM KUJIBKOCT1 KpHUCTaNoriapaTy Hatpito cyibdary g0 100 % 1 Ouibliie, y
KOHBEPTOBAHIM CyMIIlI MMOCTYNOBO 3pOCTAa€ BMICT WIEHITY. Y TiapaToBaHiil mpoOi
HaBITh 32 BIJICYTHOCTI HATPIiIO CyNb(aTy HE BUSABICHUHN KAlHIT, JOMIIIKH CUIbBIHY
MPUCYTHI y BCIX 3pa3kax, KpiM ocTaHHiX. OTKe MIBUIIIE 1 TIOBHIIIE KOHBEPTYE B
cynb(daTtHi MiHEpanM KaiHiT, MOTIM cuibBiH. [loaBiliHI 3 HaTpilo cyiabdarom
MiHEpalu He BHUSBJICHI B JKOAHOMY 3pa3Ky. B pesynbrari KoHBepcii
NOJIIMIHEPANIbHOT ~ KaMiMHOI  pyau 3  HATpil0  Cyab(atoM  YTBOPIOETHCA
noJiiMiHEpaJibHAa CYMIII IIEHITY, TalliTy, €MNCOMITY 1 MOJIrajiTy, sika MICTUTh

JIETKOPO3YMHHI KaliiHI 1 MAar”i€eBl MiIHEpadud 1 $KYy JIETKO Yy HPOCTOMY
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TEXHOJIOTITYHOMY TpOoIecl MEepepoOIsITH TalypridiHUM METOJOM PO3YHWHEHHS-

KpHUCTai3aiii Ha MEeHIT 1 T TO-TIOMITAITOBHIA TBEPIUi 3aJIUIIIOK.

3.4. NocaigkeHHs1 KOHBepcii HATPiIo cyJb(aTy, Kadilo i MarHiio xJopuais B

cepeAOBHILI IEHITOBOr0 PO3YMHY

Kpucramizamis 1ieHITY 13 HACHMYCHOTO PO3YMHY MICAS PO3YMHECHHS
MOJIIMIHEPAJIbHOT KaliiiHOI Pyau CYNPOBOJKYETHCS KOHBEPCIEID 3 YTBOPEHHSAM
Martiro xjopuay 3a peakiiero (3.1). B iCHYIOUHX TEXHOJOTISIX YaCTUHY HOIo Y
BUIJIAJI HAJJUIIKOBOIO IIEHITOBOTO PpO3YMHY BHUBOJATH 13 TEXHOJOITYHOTO
npouecy cyiab(aTHUX KalliiHO-MarHi€eBUX JOOpHB y LHMKJI pEereHepanii COJICH.
Perenepaiiito 311iCHIOIOTh CTAIMHUM BHUMAPIOBAHHAM 3 BUIUICHHSM Ha TEpIIin
CTaJlii HaTP1IO XJIOPUAY, HA JPYTii — CyMIllll KaJdiiHO-MarHi€BUX coJiel 1 Ha TpeTid
nicas  3Hecylb(adyBaHHS — cyMmimil XxjgopugHux coneid Kamiro, MarHito,
Harpito [172].

[Tporecu BumaproBaHHS MOTPEOYIOTH BUTPAT TEIUIOBOI €HEPrii, CKIaJHOTO
amaparypHoro oOJaJHaHHS Ta KOPO3IMHOCTIMKUX MarepiaiiB, W0 3HUKYE
peHTa0eNIbHICTh BUPOOHUIITBA OE3XJIOPUAHUX KaJIHHO-MarHi€BUX T0OpPUB.

YHUKHYTH YTBOPEHHS MarHito XJ0pUAYy MiJl Yac KpUcTaii3alii MEeHITY MOXHa
BBEJICHHSIM Yy TMpoIlec Hatpito cyibdary abo ioro wmiHepamiB: BaHTTOhdiTy,
MIpaOuIITy, TJa3epuTy. Y pO3dMHI NepepoOIeHHs MOMIMIHEPAIbHOI KAJIIMHOI PYau
3 IOJaBaHHSM HaTpito cynbdaTy BiIOYBarOThCS peakilii KOHBEPCIi, BHACIIIOK SIKHX
YTBOPIOETHCS IIEHIT, a HaumikoBuit MgCl, He yTBOproeThesl.

[lin yac gomaBaHHS HATPiO CyibhaTy A0 XJIOPUIHO-CYIH(ATHOTO PO3UUHY
MOXHa OYIKyBaTH BHCOJICHHS HATpil0 XJOpUIy B TBepay ¢asy, me 10
KpHUCTai3alii MEeHITy, 0 AacTh 3MOTY 3MEHILUTH HOro nepexiJi y NpoAyKI[iHHUuN
IIEHIT.

3 MEeTOI0 BU3HAYEHHS KUTbKICHUX TMOKA3HMKIB MPOIECY KOHBEPCii BUKOHAIH
JOCHIDKEHHST peakilli HaTpito CcylabdaTy 3 KPUCTAIIYHUM KaJlil0 XJIOPUJIOM 1

pPO3YMHOM MAarHif0 XJIOPUIY B CEPENOBHUIIl IIEHITOBOTO PO3YMHY, SIKAN



64

YTBOPIOETHCS 1] Yac MepepoOIeHHS MoIIMIHEepaIbHOT KaIiiHOT pyau. Y mociigax
3MIHIOBaJIM MAaCOBE CIIBBIJIHOIICHHS Ta IOCIIJIOBHICTh BBCACHHS KOMIIOHCHTIB,
TeMIiepaTypy npoiiecy Kousepcii. [lonepeHiMu 1OCHIIKEHHIMHA BUSHAUUIIU Macy
B3a€EMOJIIFOYMX KOMIIOHEHTIB, TOCTIJOBHICT, 1X BHECCHHS B pEaKIliiHE
CEPEIOBUIIE 1 TPUBATICTH MPOIIECY.

[lin yac kpucTamsaiii MIEHITYy 3 HACHUYEHOI'0 PO3YMHY IICIsS PO3YNHECHHS
pYIu BHACHIIOK BHJIIJICHHS CYJIb(GaTHUX COJIEH YTBOPIOETHCS MArHilo XJIOPHUI,
KOHIICHTpAIlisl SKOTO B piakid (a3l 30umblnyeTbes. st MOACIIOBaHHS POCTY
KOHIIEHTpaIlli MarHiro XJOpUAY B IIEHITOBOMY pO3YUHI [JOAaBald PO3UYUH
0imogity. 3B’ sI3yBajiy MarHito XJOPHUI J0JAABAHHAM KPUCTATTYHUX KaJiI0 XJIOPUAY
Ta HATPilO Cylbdary.

Jlocnian BukoHyBanmm 3a Temneparyp 323, 333, 343, 353 K. s mocmixy
0,5 nM° MICHITOBOrO pPO3YMHY 3aiMBald B TEPMOCTATOBAHMH pEakTop 1 3a
TeMIlepaTypd OCTioy 1 HeIepepBHOro mepeMiimryBaHHs mofaBamd 0,2 1M
oimogitoBoro po3zuuny. Ilicns nuporo 10 pozunny gonasaiu 100 r qecaTHBOIHOTO
HaTpito cynbdarty, nepeminryBaiu 1 yepe3 10, 20 1 30 xB BigOupanu npodu piaIKkux
Ta TBepAUX (pa3 Ha aHaNi3, a TOTIM AoAaBaiu 105 r KpUCTATIYHOTO Kalito XJIOPUIY
1 uepe3 10, 20, 30 xB IpoOIOBXKYBAJIU BIAOUPaAHHS TPOO piIKUX Ta TBepAuX ¢asz. 3a
pe3ysibTaTaMu aHali3y piIKMX Ta TBEpAUX (a3 po3paxoBYBaJIM 3a CIEHIAIBHOIO
nporpamoro Ha I[IK marepianbHi OanaHCH, 3 SKUX BU3HAYAJIM MAacH YTBOPEHUX
piakux Ta TBepAuX ¢a3. 3a 10HHUM CKJIAZAOM TBEpAUX (a3 1 MIKKPUCTAIBHOTO
PO34YMHY 3a CHELIAIbHOI Mporpamoro po3paxoByBanu Ha [TK miHepanbHuil ckian
TBEpaUX (a3s.

PesynpTaT  gochipkeHb  MOpOIECYy KOHBEPCI  JECSITHBOMHOTO  HATPIIO
cyJbdaTy 1 CyMillIl MEHITOBOTO 1 011110¢h)iTOBOro po34MHIB HaBeACH1 Ha puc. 3.12 1

3.13 1 B Tabmuisx A.1 — A 4.
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Puc. 3.12. 3anexnicts BMicTy SO, y TBepaiit ¢asi cycnensii (C) Big gacy (1)
KOHBEpCIi CyMiIII IMIEHITOBOTO 1 01110 ITOBOr0 pO3YMHIB 3 KPUCTATIUHUM HATPIIO

CyJb(aToM 3a pI3HUX TEMIIepaTyp

Ax BugHo 3 puc. 3.12 BwmicT cynbdar-ioHIB y TBepaik ¢dasi cycneHsii
3MEHILYETHCS MPOTATOM YChOrO MpoIlecy KoHBepcli. BinOyBaeTbCsi pO3UYMHEHHS
KPHUCTAJIOTIIpaTy HATPIIO CyIb(aTy 1 KpUcTalli3allisa HATPit0 XJIOPHUIY 3a PEaKIlI€ro
(3.2). [Ipuuomy 3a Temmneparypu 323 K BmicT cynbdaT-ioHIB 3HWKYEThCs Yepe3 30
xB Bix 25 % (y wuctomy Mipabiniti 29,81 %) no 9,39 %. BMmict x10pua-ioHiB IpH
pomy 3poctae 10 41,98 %. 3a Temneparypu 333 K BMicT cynbdar-ioHIB B ocaji
3HUKY€EThCcs 110 3,44%, a xmopua-ioHiB 3poctae ao 54,61 %, 3a 343 K —
B1moB1AHO 110 2,26 1 55,06 % 1 3a 353 K — Bignmosigno 1,81 1 56,94 %. Otxke, 31
30UTBIIICHHSIM TEeMIIEpaTypu KOHBEpCii BMICT Cynb(dar-ioHIB Yy TBepid ¢asi
3MEHIIYEThCS, a XJOPUJ-IOHIB 30UIBIIYETHCS 32 PaXYHOK KOHBEpPTYBaHHS
JIECATUBOTHOTO HATPIIO CYIb(}ATy B HATPIIO XJIOPHUIL.

Cryninp BUAUICHHS B TBepAy (a3y Hatpito xyiopuay (o) po3paxoBaHUM 3a

bopmyioro:
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m.gh. ) CNaCl %

-100
Cl + My Ch+my, C3) 2582+ G139

o=
(mshen
ne m,, ,— Maca TBepaoi (asu; Cnac) — KOHLEHTpALlsS HATPilO XJOPHIY y TBEpAId
daszi; Mgnen, Mpish, Myir — BIAMOBITHO Maca IMIEHITOBOTO Ta 010 iTOBOr0 pO3YHHIB 1
MipaOuIiTy; ClNa , CZNa, CSNa— KOHIICHTpAIIisl B HUX HOHIB Na" BigmoBinHo; 2,542 —
. . +
koedimieHT mepepaxynky Na ™ Ha NaCl.
OTpuMaHi pe3ynbTaTd 3aJE€KHOCTI CTYIMEHs BUAUICHHS HATPIIO XJOPUAY B

TBepay (ha3y BiJ TPUBAJIOCTI IIPOIIECY 1 TeMIepaTypu HaBeeHl Ha puc. 3.13.
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Puc. 3.13. 3anexxHICTh CTyIEHS MEPETBOPEHHS HATPIIO XJIOPULY Y TBEPIY
¢a3y (o) BHACHIIOK KOHBEPCIi CyMiIlli IIEHITOBOTO 1 01110()ITOBOTO PO3YHHIB 3

KPUCTAJIIYHUM HATPIIO CyJIb(aToOM BiJl TPUBAIOCTI (T) 1 TEMIIEpATypH IpOLECy

Sk BUIHO 3 HaBeAeHUX JaHUX, 3a TeMmreparypu 323 K cTymiHb mepexoay
HaTpito XJ0puAy y TBepAy a3y 3a yac Bix 10 g0 30 xB 3Menmryerbes a0 5,87 %, a
3a Ttemmeparypu 333 K crnouatky 3pocTae 3a paxyHOK BHCOJICHHS HATpilO
cynbdarom 110 19,15 %, a motimM npakTUYHO HE 3MIHIOETHCA, 32 343 K 3poctae 10
14,66 % 13a 353 K — 10 22,14 %. 3MeHIICHHS CTYIICHS MEPEX0,ly HATPIIO XJIOPHUIY

y TBepay a3y BigOyBaeTbcsl 3a paxyHOK IOCTYNOBOTO  PO3YMHEHHS
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KPUCTAJIOTIApaTy HATpil0 Ccynb(dary 1 BUBUIBHEHHS KPUCTAI3aIlIMHOI BOIH, sIKa
po30aBinsie piaky (asy ¥ yTpumye B piAkid (a3l 4acTUHY HATPIIO XJIOPHUIY.
3MEHIIeHHS CTyNEHs BUIJICHHS Y TBEpAY a3y HATPil0 XJOPUIY 3a TeMIlepaTypu
343 K MoxHa MOSICHUTH 3HIKEHHSM BUCOJOIOUOT i cynb(]aTiB Ha XJIOpUIU 3
HiABUIICHHAM TemmepaTypu. Orxe, HaWOUIbIIMIA CTYIMIHb BHUAUICHHS HATPIIO
XJIOPUIY 13 PO3YMHY Yy TBepay ¢a3y B pe3yibTaTl peakilii 3 HaTpilo CyiabhaTom
nocsraeTbest 3a temmeparypu 353 K, mo MokHA MOSACHUTH 30UTBIICHHSIM
PO3YHMHHOCTI HaTpito cynb(pary B 0araTOKOMIIOHEHTHOMY PO3UYMHI 1 3pOCTaHHSIM
H0ro BHCOIOIOYOI i1 Ha HATPIIO XJIOPHU.

[Ticnst 3aBepIieHHST B3a€MOJIil PO3YMHY 3 JECATUBOAHUM HATPil0 CyJbhaToM
70 OTPUMAHOI CycHeH3li J0OaBsIM KPUCTATIYHUNA Kalilo XJIOPHUJ 3 METOI Horo
PO3YMHEHHS, KOHBEPCIi 1 KpUcTam3anli cyiabpaTHux coneil. OTpumaHi pe3ynbTaTu
BMICTY 10HIB MarHito 1 cynbdaTiB y TBepAuXx ¢aszax CyclieH3ii HaBeJeH1 Ha puc.

3.14-3.15.

i —
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£ 3 /// *323 K
d < bk ]
g ” / 333 K
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Puc. 3.14. 3anexHIiCTb BMICTY Mg2+ y TBepaii (asi cycriensii (C) Big yacy

koHBepcii (1) micns gogaBanns KCl
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Ak BugHO 3 puc. 3.14 y TBepaiit ¢asi cycneHsii MOCTYMOBO 3POCTAE BMICT
ionie Mg®*, 10 XapakTepu3ye yTBOPEHHs JI€OHITY abo mmenity. Haiiuuie ioro
3HAUEHHSA J0cATa€eThes 3a Temiepatypu 323 K 1 cranoButs 3,82 % uepe3 20 xB. Y
nepepaxyHKy Ha JICOHIT BMICT MOro y BOJOTOMY Ocail CTaHOBUTH 57,6 %. I3
3GLIBIICHHSM TeMiepaTypu BMicT Mg 3MeHIIyeThes 1 craHoBuTh depes 20 XB 3a
temrepatypu 333 K — 3,74 % ,3a 343 K — 3,68 %, 3a 353 K — 2,62 % uyepe3 30 xB.
OTxe, HaiiBuIIMKA BMiCT MarHito y TBepAiil ¢asi cycneHnsii gocsraersest uepe3 30
xB B3aemo/ii 3 KCI 3a remneparypu 323 K.

Ha puc. 3.15 naBenena 3amexuicTs Bmicty SO,° y TBepaiit hasi cycrensii

B1J1 TpuBasiocTi B3aeMo/Iii cycriensii 3 KCl 3a pizHux temnepartyp.
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Puic. 3.15. 3anexuicts Bmicty SO~ (C) y TBepaiii dasi Bix gacy koHBepcii

(t) micnsa moxaBannas KCl

Sk BUOHO 3 OTPUMAHMX JaHHUX, Yy TBepIid ¢a3i cycneHsii Ha BChOMY
intepBani Temmeparyp Bmict SO,° 3MiHIOETBCS aHanmoriuno. HaifBume ioro
3Ha4YEeHHS JocsaraeTbes 3a Temmeparypu 343 K 1 cranoButs 24,64 % uvepe3 20 xB 1
26,1 % uepes 30 xB. 3a Temmeparypu 333 K Bmict SO,” uepe3 20 XB CTAHOBHTE

25,44 % 1 ugepe3 30 xB — 24,15 % (puc. 3.15), a 3a Temmneparypu 323 K —
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BinoBiHO 22,37 1 24,08 %. 301nbplieHHsT BMICTY cyibdariB y TBepaid ¢asi 3
pOCTOM  TEMIIEpaTypu TMOSICHIOETHCS ~ PO3MIMPEHHSIM  MOJS  KpuUcTami3arii
nanr6eiinity. 3a Temmeparypu 353 K Bmict SO.” y TBepmiii dasi crodarky
ctaHoBuTh 2,49 %, a mortiMm 3poctae go 16,12 % mo MoOXHa TMOSCHUTH
KPHUCTAJII3aI[1€0 BTOPUHHOTO JTAHTOCHHITY.

Pe3ynbTaT po3paxyHKIB CTyNEHS KOHBEpCii Ha OCHOBI MarepiajbHUX
OanmaHCIiB 1 MIHEpaJIbHOTO CKIIay TBepAux ¢as, ki HaBenaeHi Ha puc. 3.16 1 3.17,
nokaszayid, mo B mpoiieci koHBepcli cycnen3ii 3 KCI cnodaTky 3MeHIyeTbCs
BUJIUVICHHA Yy TBepay ¢a3zy HaATpiio XJOPHUAY, @ MOTIM — 3aJUIIAETHCS HE3MIHHUM.
HaiiBuiie 3HaueHHS CTYNEHs Horo mepexoay y TBepAy (a3y nmocsraerbcs 3a
temnepatypu 323 K (uepe3 10 xB BoHO craHOBMIO 26,40 % mnpote uepe3 30 xB
3MEHIIWIOCH 1 CTaHOBHJIO 16,58 %). Lle MOXHA MOSCHUTH THUM, IO Ha ITOYATKY
Ipoliecy Kajlllo XJIOPUJ PO3YMHSIEThCS 1 BUCONMIOE HaTpito xyopuna. CymibgarHi
MIHEpaJd 4Yepe3 CBOI 3JaTHICTh 10 MEPECHUYEHHS 1€ HE KPUCTaNI3ylTbes. I3
30UIBIICHHSIM TPUBAJIOCTI Tporiecy Ounpiie 10 XB MIBUAKO 3pOCTA€ CTYMiHb
BUJIIJICHHS CyNb(aTiB y TBepAY a3y 1 mepecuueHHs pikoi ¢a3u 3MEHIITY€EThCs. 3a
paxyHOK IIbOTO 3arajbHa KOHIIEHTpAIliA pPO3YMHY 3MEHIIYEThCSA. Tomy
BUKPHUCTAII3YBaHUI  paHIlIE HATPIIO XJOPUJ PO3UYHUHSETHCS. 31 30LIbLICHHSIM
TEMIIEpaTypyd CTYMiHb BUIUICHHS HATPil0 XJOPHUIY 3MEHIIYETHCS uepes
30UTBINICHHST PO3YMHHOCTI IHINIUX XJOpUAHUX cojied. 3a temmeparypu 333 K
CTYIIHb BUIJICHHS y TBEpAY (ha3y HATpir0 XJIOpUay cTaHOBUTH 9,39 %, 3a 343 K —
10,60 %, a 3a 353 K — 5,73 %. Huspke 3HaueHHs CTyNeHs BUAUICHHS HATPIIO
xnopuay 3a Temneparypu 353 K B KiHIII Mmporiecy MOSCHIOETHCS 30UTBIICHHSIM
PO3YMHHOCTI COJIEH, a TaKOX YTBOPEHHSM 1 KpHUCTATI3aIll€l0 JIAHTOCHHITY, 3a
paxyHOK 4oro koHieHTpauis ioniB Kamito, Marsito, 1 cynab(ariB y poO3uuHI

3MEHIIIYETHCS, @ POZUYUHHICTD HATPIIO XJIOPHUIY 3POCTAE.
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Puc. 3.16. 3anexxHiCTh cTyIneHs mepexoay (o) HaTpiro XJIOpHUIy y TBepAy a3y
B peakiii kouBepcii micis nogaBanHs KCl Big TpuBaniocTi (t) 1 Temneparypu

IPOIIECY

Crymise mepexony SO,” posunmHy B CynbdarHi MiHepamd 3a paxyHOK

KOHBEPCIi KaJIiIo XJOPUIY pO3paxoByBan 3a (hOPMYJIOHO:

mT(b.C 2—
= e 100%
Sora m . - ) (3.14)
p(b SOAZI_B p-Hi
ne CS@:?ET.@. — KOHLEHTpauis cyibdar-ioHIB y TBepAid dasi; Csﬂﬁp_m —

KOHIIEHTpaLis Cyab(aT-ioHIB y pO34MHi; M4 — Maca TBEpAOI (asu; M, 4— Maca
piakoi ¢asu.

PesynbpTaTi po3paxyHkiB HaBeaeHi Ha puc. 3.17.

SAx BUIHO 3 HaBeJAeHUX pe3ynbTariB, 3a Temmepatypu 343 K cTymiHb
koHBepcii uepe3 10 xB ctanoButh 5,8 %, yepe3 20 xB — 61,6 % 1 gepe3 30 xB —

65,7 %. [IpomoBxkeHHS TIPOIleCy MPHU3BOJIUTH /10 BCTAHOBIEHHS METAcTaOUIBHOI
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pIBHOBAru, 1 CTyIiHb KOHBepcCli uepe3 45 xB nopiBHIoe 62,7 %, a yepe3 60 xB —

61,3 %. OTxe, onTUMaNbHA TPUBANICTH MIPOIECY CTAHOBUTH 30 XB.
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Puc. 3.17. 3anexnicts cTynens nepexony SO,” B pe3ynabTaTi KOHBepCii
KaJII0 XJIOpUAY (0) B CyMIIl IIEHITOBOTO 1 011110()ITOBOrO PO3YHHIB 3 HATPIIO

cynbdarom y cynbdatHi MiHepanu Bif TpuBaiocTi (T) 3a pi3HOI TeMmepaTypu

HaiiBumuii cTymiHb KOHBepcii gocsraetbes 3a Temmepatypu 333 K i
nopiBHioe yepe3 30 xB 69,5 %. 3i 30inbmenasm Temnepatypu a0 353 K crymiab
KOHBEpCii 3MeHIIyeTbest 10 25,3 % uyepe3 30UIbIIEHHS PO3UYMHHOCTI COJieH Y
MOJIIKOMIIOHEHTHOMY COJIbOBOMY PO3YHHI.

Pesynbratu 1a00paTopHUX AOCHIKEHB MMOKa3aH, o 3a TemnepaTypu 333 K
BJIA€THCS BUBECTH 13 piakoi ¢a3u yactury NaCl, a moganpimM 0X0J0IKEHHIM 10
temriepatypu 293 K BimomumMu crioco0aMu 301TBITUTH BUXI1]] ICHITY.

OTxe, pe3yapTaTH JIaDOpATOPHUX TOCIIHKEHD MPOIlecy KOHBEPCii XJIOPUIHO-
Cynb(aTHUX KaliHHO-MAarHi€BUX pO3YMHIB 3 MiIHEpajaMu HaTpilo Cyiabdary
MOXYTh OyTH BHUKOPHUCTAaHI B TEXHOJOTIl TNEepepoOSIeHHS JIETKOPO3UMHHHUX

NOJIIMIHEPANIbHUX KaliMHUX PyJ Ha cyinb(aTHl KaliiiHl AOOpHBa, a TaKOX s
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OTpUMaHHS KajiMarHesii 3 BIAKJIaJeHb MIpaOUITy MNPUPOAHUX COJITHUX O3€p
IUIAXOM I1X KOHBEPTYBAHHS 3 KPHUCTAIIYHMM KaJil0 XJIOPHAOM 1 PO3YHMHAMHU
OimodiTy B HUPKYJIALIHHOMY IIeHiTOBOMY po3unHi [190].

KoHnBepcis kamiitHO-MarHi€BOro po34MHYy 3 HATPIIO CyJdb(aroM mae 3Mory
YHUKHYTA YTBOPEHHsSI HAJUIMIIKOBOTO MarHito Xxijopuay. Aune 1eil cmocid
NPUIATHUN JIJIs1 TIepepOOICHHS JISTKOPO3UMHHUX MIHEpasIiB KaiHITY 1 CHIIbBIHY, SIK1
MOBHICTIO PO3YHHSIIOTHCS Ha CTall pO3ZYMHEHHS.

OpHoyacHa TMPUCYTHICTh JIETKO- 1 Ba)XXKOPO3UMHHHMX KaJlHHO-MarHi€BHX
MiHEpaJliB y MoMiMiHepasbHil py/i He 3a0e3nedye Bucokoro BUTAry Kaitiro mi gac
nepepoOJieHHsT ranypriiHuM crnocoOoM. Ilim dac po3uumHeHHs y piaAKy ¢azy
NEepPeXoAATh JIETKOPO3UMHHI MIHEpaid KaiHIT, CUJIbBIH, IICHIT, a BaKKOPO3UYMHHI
JaHTOEWHIT, KI3€pUT 1 HOJITaNIT 3aJUIIAI0TECA B HEPO3UMHEHOMY BUIJIAIL. Tomy
MPECTaBIIAE€ IHTEPEC 3/IMCHEHHS KOHBEPCIl XJIOPUIHUX MIHEpaliB 13 HATPIIO
cynb(daroM mepesl pO3UYMHEHHSAM PYIH, I Yac SKOi Ba)KKOPO3UMHHI MiHEpau
TIAPATYIOTHCS 1 KOHBEPTYIOTH 3 KAJIIIO XJIOPUJOM 13 YTBOPEHHSIM JIETKOPO3UHMHHOTO
meHiTy. Pe3ynbTaTél BIANOBIIHUX JOCHIKEHb TMPEJCTaBICHI B HACTYITHOMY
O3,

3 onepkaHUX pe3yJbTaTiB eKCIEPUMEHTAILHUX JOCIII)KEHh MOXKHA 3pO0UTH
TaKi BUCHOBKH.

Peaxi1iist KOHBepCii TaHTOEHHITY B IICHIT 3 HATPiIO CyIb(aTOM BiIOYBAETHCS 3
BUJIIJICHHSIM OUTBINOT KIJTBKOCTI TEIUIAa HAa OJIHY MOJIEKYJy JaHTOeWHiTy, HK 0e3
Heoro. Ile pgae miacTtaBy oOYiKyBaTH, IO KPHUCTAJOTApaT HATPilO Cyiabdary
cupusTUME Tepeliry peakuii KoHBepcii JaHrOeiHITy B mieHiT. Kpucramizaiiiina
BOJa HATpil0 Cy’nb(ary MNepexoauTh Yy KpPUCTAJIOTIApaT IICHITY. 3a Y4acTio
KPUCTAJIOTIApaTy HaTpito cyib(paTy BIIOYBAETHbCS pEaKilis KOHBEPCii KaiHITy B
IICHIT.

PesynbTat peHTreHodazoBOro aHamildy MiATBEPHKYIOTh, IO KOHBEPCIs
MOJIMIHEpAbHOI  KaJIIMHOT pyAM 3 KPHUCTAJOTiApaTOM HaTpilo cyibdary
(MipaOuTiTOM) MPU3BOIUTE J0 YTBOPEHHS MOJIMIHEPAIbHOI CyMIIIIl, sIKa MICTUTh

JIETKOPO3YMHHI CyJb(aTHI KaJiiiHl 1 Mar"i€eBl MiHEpaH 1 Ky JIErKO y MPOCTOMY
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TEXHOJIOTITYHOMY TpOoIecl NEepepoOssATH TalypridiHUM METOJOM PO3YHWHEHHS-
KpHUCTaJII3allii Ha MIEHIT 1 TaJiTO-MOJIraTiTOBUNA TBEpAUil 3aJIMIIOK O€3 YTBOPEHHS
BIJIX1THUX MarHiMXJIOPUIHUX PO3UHHIB 1 HEOOX1HOCTI X BHUITapIOBAHHS.

OCHOBHI pe3yNbTaTH JOCHIKEHb, HaBEJICHI B I[bOMY PO3/iii, OMYyOIIKOBAaHO

B pooOorax [ 178, 181, 190 ].
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PO3/11 4

JOCJIIIXKEHHSI KOHBEPCII IPUPOJIHOI'O JIAHTBEVMHITY 3
HATPIIO CYJb®ATOM I KAJITIO XJIOPUAOM Y HIEHIT

Sk Oyno moka3aHO BUIE, OJHOYACHA MPUCYTHICTh BaXKOPO3UMHHHX 1
JETKOPO3UMHHUX MIHEpalliB y TOJIMIHEpaNbHIi pyAl pOOUTH AOLIIBHOIO
HOTIEPEIHIO 1 B3a€EMOJIIEI0 3 HATPIIO CyJb(ATOM, B pe3yibTaTi IKOi YTBOPIOETHCSA
CYMIII JIETKOPO3YMHHUX KaTiMHO-MarHi€eBUX MIHEpaNiB 1 HATPIIO XJOPHUIY, SKY
JIETKO MEepepoOIATH Ha IIEHIT 1 KajmiMarHesito. Ha mpouec koHBepcii BIUIMBAIOTh
pi3HI (QakTopu: TemIeparypa, TPUBAIICTh 1 1H. BUBYEHHS iX CTamu METOIO

ImogaJibIInux I[OCJ'IiI[)KeHB, PE3YJIbTATH AKUX HaBeI[GHi HIDKYC.

4.1. BiuiuB TemMnepaTypu i 4acy Ha CTylliHb KOHBepcil JIJaHrOelHiTy

Sk 3a3Hayvanoch BUIE, TiAparallis JIAHTOEHHITY B MIEHIT 3 J00aBIICHHAM
HaTpIO Cyib(hary CyNnpOBOIKYETHCSI BUAUICHHSM OUIBIINOI KIIBKOCTI TETUIOTH, HIXK
0e3 wporo (m. 3.1.). lle nmae mifcTaBy O4YIKYBaTH, IO KPHCTAIOTIApaT HATPitO
cynbary cmpuse mnepebiry peakiii KOHBepcii JaHTOEWHITY B  IIEHIT.
Kpucranizaumiiina Bojga Hatpito cyiabdary Oepe ydacTb B yTBOPEHHI
KPHUCTAJIOTIIpaTy MICHITY.

Kpim Toro, Bizomo [32, 174], mio mig yac po34MHEHHs JIAHTOCHHITY y BOJI B
MPUCYTHOCTI HATPIKO XJOPUIY 1 HATPIIO HITPATy IIBUAKICTb HOTO PO3YMHEHHS B
po3unHi 3 KoHueHTparieto 10 — 16 % 3Hauno 3poctac. Tomy HMOBIpHUUI
MO3UTHUBHMI BIUIMB HATPIiIO CyJIb(}aTy Ha MPOLEC KOHBEPCIi JaHTOCHHITY.

OTtxe, HEOOXiTHO OyJ0 BU3HAYUTH TEMIEpPATypHUN IHTEPBAL, Y SIKOMY
HallHTEHCUBHIIIE B1IOYBA€EThCS peakilisi KoHBepcii. KpiM Toro, peaxiiis KoHBepcCli
NPOTIKAE 3 BUAUICHHSAM TeIJia, TOMY TIJ 4Yac MIJTOTOBKM PYIW MOKIIUBE
po3irpiBaHHs pearyto4yoi Mmacu. ToMy 3 METOI0 BUBUEHHS BILIUBY TeMIIEpaTypy Ha

IpoLec JOCHIKYBajdu CTYMiHb KOHBEpCii JIAHMOEHHITY B MIEHIT 13 HATPIIO
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CyJib(aToM 1 KaIito XJOpUIoM B iHTEpBaji Temmneparyp 2/73...333 K. Bubip Takoro
TEMIEPATYPHOTO I1HTEpBATy 3YMOBICHHN NPAKTUUYHUMHU YMOBaMHU peaiizalii
nporiecy koHBepcii. [Iporiec koHBepcii OyJie MPOTIKATH B PealbHOMY CEpPEIOBHIIIL,
sIK€ YTBOPHUTHCS i/ Yac KOHBEPCli MiHEPaJiB PyIH.

[ToTpiOHy TemmepaTypy KOHBEpPCil BCTAHOBIIOBAIM B  TOBITPSHUX
TepMocTaTax. [[s ekcrepuMeHTy BUKOPUCTOBYBAIM HaBaXKKY | KT TaHTOSHHITY 3
PO3MIPOM YAaCTHHOK 3-5 MM.

OTtpumaHni pe3ynbTaTu 300paxkeri Ha puc. 4.1 1 B Tabnunsx b.1 — b.6.
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Puc. 4.1. 3anexHICTh CTYNEHs KOHBEPCii JaHTOeHHITY (0) 3 HATPIIO

CyJb(aToM 1 KaJliro XJIOPUJIOM B IISHIT BiJ] TPUBAJIOCTI TIpoliecy () 3a

temnepatypu 273, 293...333K

Ax BumHO 3 HaBemeHux pesynbrariB (puc. 4.1), crymiHb KOHBepcii
JaHTOEWHITY 3 HATPilO CyJb(PaToOM 1 Kalilo XJIOPHUAOM Yy LIECHIT 3pOCTAE MPOTATOM
yChOTO TEPIOY MOCHTIKEeHb, MPUYOMY HAWOIIbII 1HTEHCHMBHO B mepmil 5 mil.

HatiBumuii cTymins KoHBepcii qocsraeTbes 3a Temneparypu 303-323 K.
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3a temmneparypu 303 K uepe3 240 roa cTymiHb KOHBEpCii JaHMOEHHITY
cranoButh 30,00 %, 313 K — 26,69 %, 323 K — 31,86 %, 333 K- 13,08 %. Menme
3HA4YEeHHS CTymeHs KoHBepcii 3a temmeparypu 313 K, ik 3a 303 K MoxHa
nosicHUTA TuM, 1o 3a Temrnepatypu 303 K mpomykTom KOHBepCii € HIEHIT, a 3a
temriepatypu 313 K — neonit. Kpim toro, 3a Temmneparypu 303 K Hatpito cyisdar
ICHy€ y BUIJISIII JECATUBOIHOTO KpHUCTajoriapary, a 3a temmneparypu 313 K —
0€3BOHOI COJIl 13 OUIBLIOI EHEpPriel0 KpucramiuHoi rpatkd. Tomy mig dac
YTBOPEHHS JICOHITY SK MPOAYKTY peakilii MBHUAKICTh KOHBEPCIi JIAaHTOSHHITY
3MeHInyeThesl. HaliHmxunii cTymine KOHBepCli JocsraeTbes 3a Temmneparypu 333
K, 1mo mosicHIoeThCs cTabimi3alieo JaHrOeHITY 3 pocToM Temieparypu. Jlemio
OlsIbllle 3HAYEHHS CTYNEeHsT KOHBepcii 3a Temneparypu 273 K, HIX 3a TeMiiepaTypu
333 K ane menme, Hix 3a Temnepatrypu 293 — 323 K 3ymoBiIeHEe HHU3BKOIO
HIBUJKICTIO MEPe0ITy peakiiiii i3 3MeHIleHHaM Temreparypu. OTxe, 13 HaBeJICHUX
pe3yabTaTiB BUHO, IO JIJISl YACTUHOK JIAHTOCWHITY 3 po3MipoM 3 — 5 MM mpoIiec
KOHBepCli 3aBeplyeTbesi MpakTUyHO npotaromM 10 mi6. 3MEHIIEHHAM pO3Mipy
YaCTUHOK JIAHTOCHHITY 11eH 1Mepio] MOYKHA 3MEHIIIUTH.

OTpuMani pe3yibTaTH JOCHIKEHb TMOKa3aJld TakKoX, M0 HaWOUIbIINI
CTYIIHb KOHBEPCIi JaHTOCUHITY 13 HATPilO CyIb(aTOM 1 Kallil0 XJIOPUIOM y HIEHIT
ctaHoBUTh He Outbmie 33 %. lle mosicHIO€TBCA THUM, IO JUIsl TMPUTOTYBaHHS
BUX1JIHOI cymilni B3sutl TUIbKH 50 % BOAM BiA CTEXIOMETPUYHOI KIJIBKOCTI, 1110
3YMOBJIIOBAJIOCH HEOOXIJHICTIO yTpUMaHHS piakoi (asu B 00’eMi pearyrodoi
CYMIILIL.

Peakuisi koHBepcii BiAOyBaeThCA B MIKKPUCTANIUHIN piKid (a3i, TOMy piaka
¢da3za moBuHHA OyTH B HAJIMIIKY 1 TpOpearoBaHa peakiliiHa Maca MOBMHHA MaTH

3QJIUIIKOBY BOJIOTICTb.
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4.2. BuzHavyeHHsI KiHETHYHHUX MapaMeTPiB peakuii KOHBepcii NPUPOIAHBOTO

JIAHTOeiHITY 3 HATPIIO0 CYJIb(ATOM i KAJTII0 XJIOPUAOM Y HICHIT

[Tporiec koHBepcii € TeTepOreHHUN Ta CYMPOBOIKYETHCS POZYMHEHHSIM
JaHrOEHHITY y MDKKPUCTATIYHOMY pO3UMHI 1 KpucTamizaimiero 1eHity. Llei
reTepOreHHHM IpoLec JIJIsl Peakiiii MepIIoro NopsiAKY MOKHA ONMUCATUH PIBHSHHSAM
lyxapesa (1.2), HaBeaeHOTO y po3aii 1.

Piusuns IllykapeBa mepembadyae mepexij KOMIIOHEHTIB TBepaoi da3u y
po3unH. AJle y AaHOMY BWIMAJAKY BIiJOYBAa€TbCS PO3YMHEHHS JIAHTOCHHITY 1
OJIHOYACHA KpHUCTami3alisd WIeHITY (JIEOHITY) 1 HaTpito xjopuay. ToOTo naHuid
npoiiec PakTUYHO € Pa30BUM MEPEXOJIOM 3a YUaCTI MIKKPUCTATIYHOL PiJIKOi (a3u.
Tomy onmcatu ioro piBHsHHAM Ll{ykapeBa HEMOXKIHUBO.

3a CTPYKTypOIO OTpUMaHHi MOPOIIKYBATUNA TBEpPAUNH MPOAYKT PpeaKii
KOHBEpCIi JIJAHTOCHHITY 3 HATPiIO CyJIb(PaTOM 1 KaIito XJIOPUIOM BiJIPI3HIETHCS BiJl
PO30POr0 TPU3MATHYHOTO KPUCTANY IIEHITY, KU yTBOPIOETHCS B PO3UMHI.
Tomy oTpumaHi pe3yiabTaTH JOCTIIKEHb Pe3yJabTaTh 0OpOOIISIIM 32 MEXaHI3MOM
TOMOXIMIYHUX peakuii. i1 aHamTHUYHOTO BUBYEHHS KIHETUYHUX 3aJI€KHOCTEU
Ipoliecy KOHBEpCii BUKOPUCTOBYBAIM PIBHSAHHA €podeeBa, sike BUBEIEHO IS

XapaKTEPUCTUKU TOTIOXIMIYHUX PEAKIIIi:

_ (-k-")

Jie 0. — CTYITHb KOHBEpcii, Mac. %;
T — 4ac, Tof;
N — ¢opManbHUN TOPSIIOK PEAKIIIT;
K — KOHCTaHTa MIBUIKOCTI.
Jns  ominku mapamerpie N i K piBasHEs 4.1 moTpiOHO  ABidi

nponorapupmysatu. [Ipomorapudmysasmm piBasHHS (4.1), oTpuMaemo:

1
n-Int=In=+In|-In(1-«a
-] .
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Skio BioM1 CTYIEHI KOHBEpPCIi JIAaHPOEHHITY B IICHIT 3a PI3HI MPOMIKKH
yacy, TO y BHUIAJAKy MPaBUIBLHOCTI BHOPAHOTO MEXaHi3My, Ha OCHOBI SKOTO
BUBEJICHO DIBHAHHS €podeeBa, MOCHIIHI TOYKH Ha rpadiky B JorapudMiuHUX
KOOpAMHATAaX TMOBUHHI PO3MICTUTUCS Ha mNpsmux JiHiAx. KyrtoBuit koedimieHT
(TaHTeHC KyTa) IUX JiHIM JOPIBHIOE N, a BEJIMYMHA BIJIPI3Ky HA OCi OpAUHAT (TIpU
Int = 0) nae 3nauenns Ink.

Ha puc. 4.2. 300pakeHa 3MiHa CTyHeHs KOHBEpCii JaHTOEHHITY 3 4acoMm B
koopaunHarax In[-In(1-a)] — Int 3a remmeparyp 273...333 K.

Sx BugHO 3 pucyHKa 4.2, 3aNeXHICTh TIACHO Mae€ JIHIMHHUI XapakTep.

KoHcTanTy mBHIKOCTI peakilii MOXHa BU3HAYUTHU TpadivyHO 3 pUC.2 32 YMOBH:

=-In(1-o_,) (4.3)

Busnadeni 3 puc. 4.2. 3Ha4eHHsS] KOHCTAHT IIBUAKOCTI Ta TOPSIOK PEaKIlii 3a

temmneparypu 273...333 K nHaBeneni B Tabymmi 4.1.
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Puc. 4.2. 3miHa cTyrneHs KOHBepCii JAHTOSHHITY 3 4acoM B Jiorapu@miyHax

KOOpJIMHaTax 3a Temmneparypu 273, 293...333 K
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Ta6nuis 4.1 — 3anexHICTh KOHCTAaHTHU IIBUJIKOCTI Ta MOPSJIKY peakiili KoHBepcCli

BiJl TEMIIepaTypu

T, K In k k, ¢t n Koedimient
KOpeJsiii, I
273 0,6055 2,5038 0,0868 0,9052
293 0,6504 2,691 0,0896 0,9721
303 0,8681 2,691 0,0627 0,9130
313 0,7655 3,0397 0,0735 0,8301
323 0,7554 2,8125 0,0843 0,8419
333 0,0422 1,8906 0,1590 0,9705

3aneXHICTh KOHCTAHTH IIBUJKOCTI MpOLECy KOHBEpCli Bl TeMIepaTypH
ONHCYETHCS PIBHAHHAM AppeHiyca. B norapudmiuniii popmi Lie piBHSIHHS MOXHA

3almcaru:

Ink=- E. +InA
RT (4.4)

OpHuM 13 KpUTepliB, 10 BKAa3ye€ Ha 3MIHY 00JIaCTi MPOTIKAHHA TMPOIIECY, €
3anexHicTh INK-1/T. BoHa npsiMosiHiifHa, SKIIO MPOIIec MPOTIKAE B OJHIN 00IacTi,
1 Ma€ Meperud y BUNaJKy nepeMinieHHs B 1y oosacts. [lo0ynoBaHa 3a1€KHICTb
KOHCTAaHTH IIBHJKOCTI peakilli KOHBepCii BiJ TeMIlepaTypd B KOOpAMHATAX
1/T — Ink HaBeneHa Ha puc. 4.3.

dopMaabHUN TOPSAIOK Ppeakilii MpoIecy KOHBEpCii JEKHUTh B IHTEPBAIl
0,0735 — 0,1590. [IpoboBe iforo 3HaueHHs BKa3ye Ha Te, WIO Mpolec KOHBEPCil
JaHTOCWHITY € CKJIaJAHUM, OaraTocTajiiHUM, y HbOMY HAWNOBUIBHIIIL CTafli
MaroTh PI3HUHN MOPSAIOK, ajie MIBUIKOCTI iX criBpo3MipHi. HabmmkeHicTh oro g0
HYJIbOBOTO TIOPSIIKY, SIKUM XapaKTepHUM [JIs peakiliii po3Kiagy Ha IOBEpPXHI
JIeSIKUX PEYOBHH, BKa3ye Ha Te, 10 IIBUIKICTh PO3KJIaTy PEYOBHHU HE 3aJCKUTh
BiJI 11 KOHIIEHTpaIlil B 06’emi [84].

Sk BugHo 3 puc. 4.3. 3anexHicThb InK Big 1/T npeacraieHa 1aMaHOO JTiHIETO,

SIKOIO pO30MBAETHCSI HA JIBA TEMITEpATypHI IHTEPBAJIH.
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Puc. 4.3. 3anexHicTh Jorapupmy KOHCTAHTH IIBHJIKOCTI peakiiii KOHBepCli

nanroevinity Big 1/T

Jnst inTepBaity 273...313 K 3a51eHICTh ONUCYETHCSA PIBHSIHHIM IPSIMOL

Ink =-729,34-1/T + 3,4336; xoedimienT kopesmii 0,9971

(4.5)
Jns inTepBany Temneparyp 323...333 K miHIlHA 3aJI€KHICTh ONMUCYETHCS
PIBHSIHHSIM TIPSIMOT1

Ink =7596,1-1/T - 22,901; xoedimient kopensii 0,9978 (4.6)

Po3p’s3aBmu cuctemy piBHSAHB 4.5 1 4.6 BU3HAYMIM TemrepaTypy, 3a sIKOi
peaxiiisi KOHBepcii BiIOYBa€ThCS 3 HAWBUINOIO IMIBUAKICTIO, 110 AopiBHIOE 319 K

(46 °C). I'padiuno 1t Temreparypa BiAMOBIIAE TOYI[l MEPETHHY IBOX MPSIMHX
JiHIA. 3a pIBHSAHHSAM MPAMOIi

MO>XHa BU3HAYUTU €HEPTrii0 akTtuBauii. EHepris
akTHBarlii nmpomnopiiiiaa tg B (p — Kyt HaxuITy IpsAMOT 10 0Ci abCIuC).

[Tepenom ninii 3anexuocti 1/T — INK Takok Bkasye Ha Te, 110 3a ITiABUIICHHS
temrepatypu Buuie 319 K 3MiHIOETBCS XapakTep MpOTIKaHHS mpoiecy. B mux

yMOBaxX BIOyBa€ThCsl cTabiizallis JTaHrOeHHITY 1 MIBUIKICTh peakii KOHBepcCli

JAHTOCHHITY 13 HATpito Cyab(aToM 1 Kajilo XJOPUAOM Y MIEHIT 3MIHIOETHCS
peaKIliero yrBopeHHs Jianroeinity[62,63].

80
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2(K,S04-MgS0O46H,0) = K,SO, + K;S0,2MgS0O, + 12H,0 4.7)
I3 poctom Temnepartypu Butie 319 K mBuaKICTH 1i€l peakiii 3011bIIy€eThCs.
PiBusaHHS AppeHiyca Jae 3MOTY BHKOHYBAaTH TOYHI PO3PaxXyHKH 3MIHU

IIBUKOCTI PEaKITii 31 301IBIIICHHSIM TEMIICPATyPH:
Ink, = InA - E</(RT) (4.8)

Ink, = InA - 5</(RT)) (4.9)

BigniMaroum BUpa3u 0JIepKyEMO:

E 1 1
In(k, /k,) = _F; _(T = ) =In yT
P (4.10)

Buxopucrapmm 3Haitneny dopmyny (4.10) moxxkHa po3paxyBaTd 3HAYEHHS

«ySIBHOD» €Heprii aKTUBaLlli:

c _RTT,
) Tz _Tl

AT /10

Iny
(4.11)

ne, Y — TeMIiepaTypHuil kKoedilieHT mBHIKOCTI peakilii, R — yHiBepcaibHa
rasosa crana (8,31-10° kJlx/(momnb-K), T, — nopismioe T a6o T
Po3paxyeMo TemmnepaTypHHil KOe(DILI€EHT MIBUAKOCTI pEAKIii sl KOKHOIO

iHTepBay Temmnepatyp (y;) Bix 273...303 K ta cepenHe HOro 3HaUCHHA(Y cep)

—atiolk. [k
1 m AT, =T, - Ty (4.12)
—atinolk. [/ k
v, = stk Tk, AT, =To— Ty (4.13)
V3= AT/M AT3=T3—-Ty; (4.14)

y o = VitV t7s
“ 3 (4.15)
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CepenHe 3HaUEHHS TEMIIEPATYPHOTO KOedIIEHTY IJI IHTEpBay TEMIIEpaTyp
273...303 K mopisntoe 1,53.

Hns iHTepBasty Temmeparyp 273...303 K, «ysBHa» €Heprig axTuBarli
nopiBHioe 28,5 kJ[>k/Monb. 3HAUeHHS «ySBHOI» €Heprii akTuBaiii (3a piBHAHHSAM
4.11) nns iaTepBanmy temmeparyp 313...333K cranoButh 22,52 J[x/MOIb.
Benuuuna TemrepaTypHOTO KOE(IIIEHTY 3 MIABUIICHHSAM TeMIlepaTypu
3MeHmyeTbest (s iHTepBary Temmeparyp 313...323 K vy = 1,11, nmus
temnepatypu 333 Ky =1,49).

Buxonsum 3 pe3ynbTariB HaBEJCHUX PO3PaXyHKIB BCTAHOBIICHO, IO TPOIIEC
KOHBepcCii mpoTikae y audys3iHiA, OMu3bKO 10 mepexigHoi obnacti. Y BOIl
JaHTOCHWHIT PO3UYMHSAETHCA B KIHETHUYHIM 00JacTi, J€ JIMITYIOUOI € XIMidHa
B3a€MO/IISI MOJIEKYJT JJAHTOEHMHITY 3 BOJ1010. BiABi MpOAYKTIB peakiii BiJ MOBEPXHI
HE JIMITYye Tpolec. Y TakMX YMOBax IIBUAKICTh peakiii MNPUCKOPIOETHCS
MPOJYKTOM pEakilii — HaTpilo XJOPUAOM. Y BOJOTIM CyMIIlll HaWIMOBUIBHINIUN
Ipolec NEpeMIIIEHHs 10HIB [0 MOBEpXH1 JaHroeiHity. Crae BU3HAYAJIbHUM
oOMexXyrounit BIMB Audy3ii 10HIB y HamiBCyXii mMaci.

Jns  jpochipkeHb — KIHETMYHUX — [AapaMeTpiB  Opolecy  KOHBepceii
BUKOPUCTOBYBAJIM  TaKOXX MIBHJIKOCTI MPOLECY, PO3paxoBaHl 3a BIIOMOIO
MOBEPXHEIO pearyrvoi peYOBUHH 1 KIJIBKICTIO MPOYKTIB PEaKiiii.

[ToBepxHIO MOCHIIKYBAaHUX 3pa3KiB JIAHMOEHHITY BU3HAYAIM KIHETUYHUM
meTofoM [174], BUXOAf4YM 3 HASBHOCTI TPHUBAJIOI NPSIMOJIIHIAHOI MIISHKA Ha
3aJIEKHOCTI CTYINEHs PO3YMHEHHS JaHrOEMHUTY BIJ 4acy po3uvHeHHs. Jlis
BU3HAUYeHHS moBepxHI A0 6000 cM® [MCTHIBOBAHOI BOIM B TEPMOCTATOBAHIM
KPYTJIOMOHHIA KO0l 3 Mimankow 3a Temneparypu 293 K Tta mocriitHOTO
nepeminryBaHHsl AojaBanu 60 r JIaHrOeiHITY, MEepIOAUYHO BIIOUpaId MpoOHU 1
aHaTI3yBaJIM iX Ha BMICT 10HiB. [lepepaxyBaBiiu 3MiHy KOHIIEHTpaIlii B pO34rHI Ha

3MiHY MacH pO34YMHEHOT0 JIAHTOCHHITY, OTpUMaIn 3ajJekHICTh M(T), (puc. 4.5).
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m, T 25,0

y =0,0099245x + 4,3399796 /’
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Puc. 4.5. 3anexHicTh MaCH PO3YMHEHOI0 JJAaHTOeHHITY (M) Bif 4acy (1)

JInst AISTHKY JTIHIRHOT 3aJIeKHOCTI mM(T), MOYKHA BUBECTH PIBHSHHS BUY:

Am=m;-m, (4.16)
AT =11- 1 (4.17)
tgp =" (4.18)

3a Bigomoi [174] mBHIKOCTI PO3YMHEHHS JAHTOCHHITY 3a TeMIeparypu
293 K Bu3Ha4anM IJIOINIY MOBEPXHI JOCTIIKYBAHOI HABAXKU JTAHTOCHHITY (S) 3a

piBusuuaM (4.21):

Am
U=y (4.19)
Am  tgp
S = =
AT b (4.20)

1€ 0- MBHUAKICTh PO3YMHEHHS MPUPOIAHOTO JIAHTOEHHITY, po3paxoBaHa METOAOM

obeproBoro aucky [174].
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3poOuBIIM BIAMOBIAHI PO3pPaXyHKU BU3HAYWJIM IUIOLLY IOBEPXHI OJHOTO
rpaMa JaHTOEHHITY PO3MIpOM YaCTHHOK 3-5MM, sika craHOBUTH 15,75 cM®, aGo
1,575 M® Ha Kinorpam.
[IIBuakicTh KOHBEpCii 3a JaHUMH MPO CTYHiHb KOHBEPCii JIaHTOEHHITY
BU3HAYAIN 32 PIBHAHHSM:
_o-m,

VD= —
s, (4.21)

JIe O - CTYIHb KOHBEPCii JTJaHrOeiHITY, Mac. %);

m o . . .
Lla— maca naHroeiHiTy B 100 r cyMiiii B3SITO1 A1 pO3YUHEHHS, KT
T — 4ac KOHBEpCli, rof;
. o - .. . 2
S — momma moBepxHi anroeinity B 100 T cyminn B3ATOT 7151 PO3YMHEHHS, M".

Pe3ynbratu po3paxyHKy MIBHAKOCTI peakilii KOHBepCii HaBeeH1 Ha puc. 4.6.

0.00600
000500 4 |
)S €293 K
0.00400 \ I
% 0,00300 - A3 K
o> %303 K
=
S 0,00200 - -
313 K
0.00100 XK %
X&%%ﬁ,
0.00000
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T, TON

Puc. 4.6. 3anexHicTh MBUIAKOCTI KOHBEPCIi JTaHTOEHHITY (V) Big yacy(T)

«YsIBHY» €HEpTiI0 aKTHUBAIlll BU3HAYAIOTh 32 PIBHIHHIM AppeHiyca.

k RT T, (4.22)
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Bigomo [175], 10 1y1st XIMIYHHUX TIPOIIECIB CIIPABEIMBE BIAHOIICHHS

kG
kG (4.23)

KoHreHnTpartiiss pearyrouoi pedyoBHMHHM y PO3YHHI NPOIOPIIHHA CTYMNEHIO ii
PO3YMHEHHS 1 MIBUIKOCTI 3B’SI3yBaHHs TPOAYKTIB PO3YMHEHHS B HOBY TBEPIY
dbazy.

ToMmy «ysBHY» €HEprito akTUBAIlll BU3HAYAHU 32 PIBHSIHHIM:

In(v, /v;) = Ra(;—T—) (4.24)
3BIJIKH
_ 2
E. = T T In (Ul) (4.25)

ne R- yHiBepcanbHa razoBa ctana, Jx/mons K;
T,1 T, —Temmneparypu nporecy, K;
V7, V1 — WBUJKICTH MPOIECY KOHBEPCIi 3a TemmnepaTtyp T,1 T; BIAMOBIIHO.
BusHauwim 3HaueHHS YsABHOI eHeprii aktuBaiii 3a piBHsHHAM (4.25)
BUKOPHCTOBYIOUM 3HAY€HHS MIBUAKOCTI peakuii 3a 24 rox. (Eymes)) 1 CepenHi
3HAQYEHHA IIBHUAKOCTI PEakiii 3a Bechb INepiof, KOHBEPCIl (Eyep)). OTprMaHni

pe3yabTaTh HaBeJeHl B Tabuii 4.2.

Tabnuns 4.2 — PesynbraTu po3paxyHKy €Heprii akThBarlii

T, K E 4(nou), KK/ MOTIB Ey(ceep) , KK/ MOTIB
273-293 2,362 4,259
293-303 22,229 21,085

3HadeHHs ysABHOI eHeprii akTuBaiii 3a Ttemmneparypu oOutbme 303 K maroth
BIJI’€MHE 3HAUEHHS, 110 MOSACHIOETHCS CTaOUTI3alI€l0 JAaHTOSHHITY 1 3MEHILIEHHSIM

HOT0 pO3UMHHOCTI B IUX YMOBaXx.
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JIJiss BU3HAYEHHS MOPSAKY peakilii 3a MeBHOI pedoBHHOIO [176], HeoOxigHO
CTBOPUTH yYMOBH, 3a SKHX B MPOIIECI peaKilii 3MiHIOBanacad TUIbKH KOHIEHTpAIis
1i€i pedoBUHM. JJIsI ITOTO KOHIIEHTpAIlli BCIX 1HIIMX PEUYOBUH - YUaCHUKIB peaKilli
MOBUHHI OyTH HACTUIBKM BEIMKHAMH, 10O 3MiHOIO iX y dYaci MoxkHa Oyino O
3HEXTYBaTH.

OTxe, 3HAYCHHS ITUX KOHIICHTpAIlii MOYKHA BBECTH B KOHCTAHTY IIBUIKOCTI.
Toni myst peakirii

aA + bB +cC =dD + eE (4.26)

MOJKHAa 3aIllucCaTu

oC,

=l-aCy 4.27)

Je N — CTYIIHb, B SIKIM KOHLIEHTpALisl pEYOBUHU A BXOAWTH B PIBHSIHHS peakuii,
BU3HAUYAIOYU MOPSI0K PeakKiii 3a i€ PEUOBUHOIO.

Jl1st Bu3HauUeHHS (POPMaJILHOTO MOPAJKY peakiii 3a JIAHrOEHHITOM MOTPIOHO
BU3HAYUTH 3MiHY HOTO KOHIIEHTpAIIi] 32 Yac T, BpaXOBYIOUH, 110 33JAf0THCS JBOMA
PI3HUMH TOYATKOBUMH 3HAYEHHSMM MOr0 KOHIICHTpAIlii, a KOHIICHTpAIii 1HIIMX
pPEUYOBHH BHOMpPAIOTh 3aHAATO BEIMKHUMHM, 100 3MIHOKO iX 3a 4ac T MOXKHa OyJo
HexTyBaTH. J[Ji HAIOro BUNAAKY JaHTOCHHIT, HATPito Cyib(dar Ta Kajiio XJIOPH]
B3STI 3a CTeXioMeTpiero, BoAu B3sut Onmu3bko 50 % Bim crexiomerpii. Ale
BpPaxOBYIOUHU Te, 1110 JIAHTOCUHIT 3HAXOAUThCSl B TBEPAiH ¢asi, a peakiis mpoTikae
B MDKKPUCTAJIBHOMY PO34YMHI, JI€ KUIbKICTh 10HIB JIAHTOEHHITY CTaHOBUTH
HE3HAYHY YAaCTUHY BIJ] MOYATKOBOI MacH JaHTOCHHITY, a HATPitO CyJb(aT Ta Kajito
XJIOpUJ JIETKOPO3YMHHI 1 iX BHUTpaTa Ha PEAKIII0 IMIBHUJIKO IOMOBHIOETHCSA 32
paxyHOK PO3UYMHEHHS KPUCTaJiB, TO (AaKTHYHO MU MAEMO TOCTIMHHUMN HaJJTHIIOK
BCIX PEareHTiB, KpiM JIAHTOCHHITY, KM B piaKy a3y NepexoAuTh MOBUIBHO.
ToOTo B peakilii KOHBEPCil y MDKKpUCTaIbHIN piakii ¢a3i manrOerHiT Oyne MaTu
BEIIUKMM HAQIJIMINOK IHIIMX pearylouux pEYoBHH Yepe3 TOBUIbHE HOTO
MOMIOBHEHHS 3 TBEP10i (pa3mu.

dopmManabHUN TOPSAAOK peakilii MOXHAa BHU3HAYMTH 3 piBHAHHA (4.28)

rpadiuno. Skmo Ha oci opauHat Bigkiaagemo 1g(-AC ,/T), a Ha oci abcuuc 1gC,,
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TO OJIEPKUMO TPsIMy, TAaHTE€HC KyTa HaxXWIy SKOi YHCEIbHO JOPIBHIOE
dbopMalbHOMY TIOPSIIKY peakilii 3a JnaHroeiHiTom. OpjepikaHi 3aJeKHOCTI
300pakeHo Ha puc. 4.7. Busznaueni 3a puc. 4.7. 3HaueHHS (GOPMaIBHOTO TOPSIAKY

peaxii 3a Temneparypu 273...313 K naBeneni B Tabsmii 4.3.

0 0
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3 3 <3 v = 11,544x - 23,122
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Puc. 4.7. I'padixu 3anexnocreit 1g(-AC_/T) Bin 1gCy, 3a pisHUX TemnepaTyp:

a) 273 K; 6) 293 K; 8) 303 K; 1) 313 K
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Tabmuns 4.3 — 3anexHicTh (OpPMANTbHOTO TMOPSAKY peakiii KOHBepcii Bin
TeMIepaTypu
T, K n KoedimienT xopemnsuii, r
273 0,103 0,6595
293 0,136 0,4665
303 0,18 0,9262
313 0,22 0,7814

Sk BUIUIMBAE 3 OTPUMAHUX PE3YyJIbTaTIB, MOPSAOK Peakillii KOHBEPCii cymil
JaHTOEWHITY, CUIbBIHY, MIpaOUIITy 1 BOAM 3HaxXoAuThes B Mexax 0,18 — 0,22, o
HaOmkae i1 70 peakilii HyJIbOBOTO TOPSAJKY, Y SKIH MIBUIKICTh IMPOIIECY
BU3HAYAETHCS TUIBKM TOBEPXHEK YACTUHOK JAHTOEHHITY 1 HE 3aJeXKHTh BIJ
KOHLIEHTpAI[li pearyrounx peyoBHH 1 MPOIYKTIB peakiii B 00’ €Ml pearyrouoi Macu.
OTxe, BCTaHOBJIEHO, IO JUJIsl YACTUHOK JIAHTOEHHITY 3 po3MipoM 3 — 5 MM mpoiiec
KOHBEpCIi 3aBEpIIYETHCS TPAKTUYHO npoTsiroM 10 ai6.

3HaueHHs YABHOI €Heprii akTWBaIlli Ha IMOYaTKy TMpollecy B I1HTEpBasl
temmneparypu 273 — 293 K cranoButh 2,362 x/[/Momb, a 3a Temreparypu 293 —
303 K — 22,229 x/Ix/mons. CepenHe ii 3HaueHHS 3a BEChb MEpioj AOCIITY
cTaHOBUTH BiamoBimHo 4,259 1 21,085 k/[x/monb. lle Bkazye Ha nudy3idHuin
XapakTep Mpoilecy KOHBepCli 1 Ha Te, MO 31 301IbIIEHHAM KIUJIBKOCTI YTBOPEHUX
MPOJYKTIB peakIlii XapakTep MpoIecy MPaKTUYHO He 3MIHIOEThCS. [IpoaykTu
peaxiiii Majo BIUIMBAIOTh HA BEJIIMYMHY YABHOI €HEprii akTuBallii 1 HA MIBUIKICTh
INPOTIKaHHS Tpolecy. Y BOJIOTIH CyMilll JIIMITYIOUMM € MPOLEC MepeMILIEHHS
10HIB 710 TTIOBEPXHI JAHTOCHHITY 1 BIJBIJ BiJ HEl MPOAYKTIB peakilii. @opmanbHui
MOPSIIOK peakIlii KOHBepcii CyMilll JaHrOelHITy, CUIbBIHY, MipaOUITy 1 BOIU
3HaxoauThcss B Mexkax 0,18 — 0,22, mo nHabmwkae ii 10 peakiiii HYJIbOBOTO
MOPSIZIKY, y SIKIM IMIBUJIKICTH TIPOIIECY BU3HAYAETHCA TUTHKH MOBEPXHEI0 YACTUHOK
JaHTOCWHITY 1 HE 3aJIeKUTh Bl KOHIIEHTpALli pearyrounx peyoBUH 1 MPOAYKTIB

peaxiiii B 00’emi pearyrdoi MacH.
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4.3. BiuiuB po3Mipy 4YacTHHOK JAHT0eiiHITYy, INIMHUCTHUX JOMIlIOK Ta KaJIil0

XJIOPUIY HA Mpolec KOHBepCil

3 HaBENECHUX BUIIEC PE3YyIbTATIB EKCIEPUMEHTATBHUX JOCIIHKEHb MOXHA
3poOMTH BHCHOBOK, IO Ha TMpOLEC KOHBEpCli JaHrOeHHITY B MICHIT Yy
JOOCTiKyBaHOMY iHTepBaii Temmeparyp (273...333 K) a1t yacTHHOK JTaHTOeHHITY
3 po3MipoM 3-5 MM MpoIiec KOHBEPCIi 3aBEPIIyeThCs MPAKTUYHO npoTsarom 10 mio.
3MEHIICHHSIM PO3MIPY YAaCTHMHOK JaHTOEHHITY el Mepioj] MOXKHa CKOPOTHUTH.
OTxe TpaHyJIOMETPUYHUN CKJIAJl JIAaHTOCHHITY € 1Ie OAHUM BaXJIUBHM (DaKTOPOM,
SKUU BIUIMBAE Ha CTYIIHb MOr0 KOHBEPCIi.

3a ramypriiHuM crnocoOoM mnepepoOIeHHs MOMIMIHEPATbHUX KalAHUX PYIT
no/ipioHeHa pyaa NOBMHHA MICTUTH He Outbie 10 % (pakiii po3MipoM YaCTUHOK
Outpire 5 MM [172]. 3a mpUCYTHOCTI BEIMKHMX YaCTHHOK PYAM HE JOCATAETHCS
MIOBHOI'O BUTATY KOPUCHUX KOMIIOHEHTIB PYIH, @ NEPENnoApIOHEHHS MPU3BOAUTH
JI0 3MEHILICHHS IIBUAKOCTI OOTIKAHHSI TBEPJIMX YACTHMHOK IIiJl 4ac PO3YMHEHHS,
YTBOPEHHS COJIOBUX MYIIB 1 BTpaT 3 MPOMHUTUM MYJOM, a KpiM TOTO, IS
NO/ApIOHEHHSI HEOOXI1IHI BEJMKI €HEpreTU4H1 3aTpaTu. Aje moApiOHEeHI MiHepau
pyIu MiJ 4Yac KOHBEPCII pearyloTb 3 YTBOPEHHSIM HOBUX KPHUCTANIB IIEHITY 1
HATPIIO XJIOPUIY, TOMY YMOBU PO3UMHEHHSI KOHBEPTOBAHOI PyIu OYIyTh 1HIITUMH,
HIK HE KOHBEPTOBAHOi. BpaxoByrouu 1ie, BUBYAIM BIUIMB CTYINEHS MOAPIOHEHHS
JaHTOCWHITY Ha CTYIIHb KOHBEPCIi HOTO B IICHIT.

s excriepumenty Opanu ¢pakiii janr6eiHity 1 — 3 MM 1 3 — 5 MM 1o
0,210 kr xoxHoi, 0,0739 kr kamito xmopumy, 0,0705 xr Hatpito cynbdary i 0,107 i
Boau. [ocmimkenus nmoBoaunu 3a temneparypu 303 K, Buxomsuu 3 TOro, 110
30UIBIIEHHSI TEMIEepaTypud MPU3BOAUTH JIO0 3MEHILIEHHS CTYyNeHs KOHBepCli
nanrOeiinity. KpimM TOro, MOXHa JOMYCTHUTH, IO B TPOMHUCIOBUX yMOBax
KOHBEpCIi B TEPUKOHI 3a paxyHOK HarpiBaHHS pearylodyoi Mach TeMmIiiepaTypa He
Oyne TmepeBUINYBaTH Ili€i BeMMYUHMU. J[JI1 EKCIEepUMEHTAIbHUX JOCIIIKEHb
BUBUYEHHS BIUIMBY I'PaHyJIOMETPUYHOTO CKJIaly Ha CTYIIHb KOHBEPCIl JaHTOeHHITY

B1I0Ip mpoO 3aiiicHioBamu uepe3 10 mi6. 3a eKcnepUMEHTAIbHUMH JaHUMU
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po3paxyBaju CTyMNeHI KOHBepCli JaHTOCWHITY ajig pi3HuUX ¢pakiii. Pesynbraru

JOCTIIKEeHb HaBeeH1 Ha pUCYHKY 4.8 1 B Tabmumi B.1.

60
o, % /Q
50 /
30
¢1-3 MM
20
' 3-5 MM
10
0
0 50 100 150 200 250 300
T, TO

Puc. 4.8. 3anexHicTh cTyneHs KOHBePCii (o) Bi TPUBAIIOCTI MPoIieCy (T) 3a

temneparypu 303 K nms pisHux dpaxiiiii JaHrOeHHITY

Buxoasuu 3 HaBeAeHUX pe3yJbTATiB JOCIIKEHHS, CIIOCTEPIraeMo, 1o s
bpakuii 1 — 3 MM MOXHaA JOCSATHYTHM BHUIIOTO CTYNEHS KOHBEpPCIi, HDK 3a
KpynHimoro noapioHeHHs. Tak, Bxke 3a 5 10 oTpuManu CTyMmiHb KOHBeEpCIi
nauroeinity 46,48 % nns ¢pakuii 1 — 3 MM, a g1t 3 — 5 MM BiH CTaHOBUB
36,90 %. OntuManbHUN CTYIIHb TOAPIOHEHHS PyAM MOXKe OyTH BHU3HAYEHUU

€HEPreTHYHUMU Ta MaTepialIbHUMHU BUTPATaMHU JIJIsl APOOMIIBHOTO 00JIaJTHAHHS.

4.4. Nocaig:keHHs BILUIMBY HATPIIO cyab(aTy Ha nmpouec rigparamii
JIAHTOCHHITY
BpaxoByroun pe3yabTaTd MOMEPENHIX TOCHIKEHb, MPOBEIH JOCTIAN 3
rigparailii JaHrOCHHITY BOJOIO 1 JJIi TOPIBHSHHS — TiapaTaiiio JIAaHrOeHHITY

BOJIOIO 32 YUaCTIO HaTpito cyibdary.
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Hns  nmabopaTopHUX JIOCTIKEHb BiAOWpaid MOHOMIHEPAJIbHI  3pa3Ku
IIPUPOJTHOTO JIAaHTOCHHITY (pakiii 3-5 MM, cKiaj sskoro HaBeaeHo Buiie (1. 2.1).

bpanu 1020,4 r nanroeiinity, 352,2 r 6e3BogHOr0 HaTpito cyiubdary, 369,7 r
Kamito xjopuay i 267,8 r Boau. Kinbkicts Bogu 6panu 50 % Bix cTexioMeTpU4HOT
HOpMH 3a piBHSHHSAM (3.6), BUXOASYM 3 YMOBU YTBOPEHHS CHITy4Oi BOJIOTO{
cymimn. [oTyBamum Takox cymim 0e3 HaTpito cyinbdary. Cyminn cTapaHHO
nepeMilTyBalii, 3aCUIald B TEPMETUYHI MOJIIETUICHOBI MIIIEYKH 1 B €KCHUKaTOpax
MOMIIIAJIM B MOBITPSIHUNA TEPMOCTAT, BCTAHOBJICHUH 32 TeMIIepaTypu AOCIIY.

Y  nomimiHepanbpHIM  pynl  JaHrOeinit mepeOyBae B cywmimn 3
JIETKOPO3YMHHUMU MiHepanamu. Ilicis 3MimyBaHHS ii 3 BOJOK YTBOPUTHCA
MDKKPUCTATIYHUN ~ COJNBOBUM  po3uMH. ToMmy  rigparaifiss  JIAaHTOCHHITY
B1I0YyBaTUMETHCSI B COJILOBOMY PO3YHMHI 1 0OABIEHHS HATPiiO Cyib(]aTy BIUIMHE
Ha aKTUBHICTh BOJIM PO3YMHY MEHIIIE, HI’K Ha YUCTY BOJY.

OxpeMo MPOBOAWIM JAOCHIAM 3 TiApartaiii JaHrOeHHITY 3 100aBJICHHIM
0e3BOAHOr0 HATpiio cyib(pary 1 0€3 HbOro, B SIKUX PO3PAXYHKOBY KIJIbKICTh BOJIU
N0GABISUIN y BHTIBSI [ICHITOBOrO po3umHy ckiany, (Mac. %): K* — 2,50; Mg* —
3,19; Na* - 3,91; CI' - 14,19; SO,* - 4,62; H,0 — 71,59.

Hocnimkennss npoBoamnu 3a Temneparypu 313 K, Buxomsum 3
€K30TEPMIYHOCTI peaKIliii KOHBEPCii 1 JTaHUX HABEJACHUX paHillle.

[Tpo6u BimOupanu uepes 1, 2, 3, 5,7, 10, 15 1 20 116. YMOBU €KCIEPUMEHTY 1
XIMIYHOTO aHai3y OyJiM aHAJIOT1YH1 TPOBEICHUM PaHIIIIe.

BHKOHYBaJIM TaK0X «XOJIOCTHI» JOCHIA 3 BUXIJIHOK CYMILIIIIO 10 MOYATKY
peakuii. 3a OTpUMaHUMHU pe3yJbTaTaMU  PO3PaxOBYBaJu CTYIIHb TiApartamii
JTAaHTOCHHITY B IIEHIT 3a piBHAHHAM 3.6 (quB. m. 2.1).

PesynbraTu gocinipkeHb HaBe[eH1 Ha pucyHKy 4.9. 1 B Tabnumi B.2.

Sx BUIHO 3 OTPUMAaHUX JIaHUX, TiApaTarlis JIAHTOCHHITY BOJOI0 MPOTIKAE 3
N0OABICHHIM Kallilo XJOPHAY IHTEHCHUBHIIIE 3a BIJCYTHOCTI HATpilO Cyib(aTy
(xpuBa 1). IIpotarom nepmux 168 rog cTymiHb KoHBepcii 3poctae A0 38,68 % 1

AaJIbIIC IIPAKTUYIHO HC 3MIHIOETHCS.
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Puc. 4.9. 3anexHicTh cTyneHs riapartaiii JanroeiHity 3 gooasneHasm KCl
BoJ1010 (1), BOMIOFO 3a yyacTi HaTpito cyiabdary (2), HIEHITOBUM PO3YHHOM 3
n00aBJICHHIM 0e3BOIHOTO HATpito cyabdaty (4) i 6e3 Hporo (3), BiJ TPUBAIOCTI

nporecy 3a Temmepatypu 313 K

B npucyTHOCTI HaTpito CylbdaTy Ta Kajiio XJOPUAY rigpaTallis JaHTOeHHITY
CIIOBUIBHIOETHCS 1 32 aHAJIOTTYHHUI Yac CcTaHOBUTH 25,3 %. CHOBUIBHEHHS MPOLIECY
rigparauii JaHrOeWHITY B MNPUCYTHOCTI O€3BOJIHOTO HATpil0 Cyib(]ary MoKHA
MOSICHUTH 3HUKEHHSAM aKTUBHOCTI BOAM B PO3UHMHI, B IKOMY KpiM Kajii 1 MarHii
cynbdariB € mie ionu Hatpito. Kpim Toro, Hatpiit cynbsdar y cymimn nepedyBae B
KPUCTAIIYHOMY BUTJISIZ, TOMY YacTWHA BOJAM BUTPAUAETHCS HA YTBOPEHHS HOTO
Kpucrajorigpary. ToMmy nnsi rTigpaTamii JaHrOEHHITY 3aJMINAETHCI MEHIIA
KUTIBKICTh BUJIBHOI BOJIH.

Sk mokazanu OTpUMaH1 pe3yJbTaTH, Tiaparaiis JaHTOCWHITY Yy IIEHITOBOMY
po3umHi 3 J00aBleHHAM HaTpito cyiabdary B mnepmi 240 rtom mepebirae
iHTeHcuBHIIIe (kpuBa 4), HDK O0e3 Hatpito cyibdary (kpuBa 3). Ile MoxxHa
NOSICHUTH TO3UTUBHUM BIUIMBOM HATpII0 XJIOpUAY Ha MpOLEC PO3UMHEHHS

nMaHTOeHHITY, 110 BioMo 3 JiTeparypu [32]. Pearyroua cymimn MIillHO CXOIUTIOETHCS
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1 cTae Maibke cyxoro. Bosoru miis nmpooBKeHHs peakilii rigpaTailii He BUCTAYae.
Cymim 6e3 Hatpito cynbdaTy 3aIUIIAETHCS BOJIOTOIO 1 PEAKIlis MPOIOBKYETHCS
MPOTATOM  yChOTO TMEpIOAy JOCHIDKCHHS, 4dYepe3 10 CTYIIHb TiApartarii
JaHrOCHHITY POJAOBKYBAB 3POCTATH.

Bukonamu pentreHoda3oBuil aHami3 MPOIYKTY TiapaTailii JaHTOeHHITy 3
HATPiI0 Cynb(paToOM y CEpENOBHUIII IIIEHITOBOTO PO34YHMHY. PeHTreHorpama HOTO
HaBeJieHa Ha puc. 4.10, 13 IKOTO BUIHO, IO MPOAYKTAMHU TiApaTallii JaHTOCHHITY €

aeoHit (K;SO4 -Mg,S044H,0) i ramit (NaCl).

200 = Ga

0.28

0,56
m

IHTEHCMBHICT, iMnfc

70

Puc. 4.10. Pentrenorpama npoykTy TiapaTaliii JJaHrOCHHITY 3 HaTpito cylbdaTom

y CepeIoBUIIII IIEeHITOBOTO po3unHy (Le — neonit, Ga — ramit)

[TpoBenu gocinimkeHHs 13 30uibmeHHsM 10 100 % KiabKoCTi BOAM Y BUTIISIL
IICHITOBOTO PO3YMHY, CKJIaay HaBeaeHoro Buine. 3mimanu 204,1 T mpoMHTOro
nanrOevinity ¢pakuii 1 - 3 mMm, 70,5 6e3BonHOrO HaTpito cyinbdarty, 73,9 r kamnito
xnopuay 1 149,6 v menitoBoro po3unHy. CyMiml B €KCHUKATOPl MOMICTHIN B
noBITpsHUM TepMocTaT 3a temmneparypu 313 K. V nepmii rogunu 1 1o0u cymii

NEepIOIMNYHO TEPEMINIYBAIM 3 METOI0 3BOJIOKEHHS 3[[PEHOBAHOI CyMilIl PIIKOIO
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dazoro. Yepe3 10 ai6 BimiOpanu 100 r mpopearoBaHoi CyMilli 1 pPO3YUHSIN B
400 cM® BOIH 3TiMHO panime onvcanoi Metoauku. CKaa OTpUMaHUX PiAKUX ¢a3
HaBejaeHu# y Tabmuii B.2 (momgatox B). Ctyninb rijgparaiiii JJaHrOeHHITY CTAHOBUB
87,2 %.

VIMoBipHUii MeXaHi3M Tigparauil NIaHTrGeiHITYy IIEHITOBAM pO3YHHOM 3a
y4acTi HaTpito cyiabdary 1 Kajio xjopuay 3a temneparypu 313 K moxna
MPEACTaBUTH TaKUM YHHOM. BoJa MiIKKPUCTATHHOTO PO3YUHY MEPEMINTYETHCS 10
MOBEPXHI YacTUHOK JaHrOeiHiTy. IlleHiTOBUH pO3YMH HEHAaCHYEHUH 3a
JaHTOCHHITOM 1 HACHYCHHMH 3a JICOHITOM. BimOyBaeThcsi pyiHYBaHHS KPHUCTATY
nanrGeiiHiTy i mepexiz y piaky ¢asy iomie K', Mg®™ i SO,”. Ympomomx
PO3YMHEHHS JTaHTOCHHITY B11I0YBAETHCS YTBOPEHHS HOBOI TBEP101 (Da3u — JICOHITY.
Toni gk y TBepAid (azi BOJOroi Cywmilll € JErKOpO3UYMHHI MIHEpaIul — CUJIbBIH,
Ki3epuT 1 MIpalUIiT, TO BOHU TAaKOX PO3YMHSAIOTHCS 1 TIOCTABISIOTH Y
MDKKpHCTanbHy pinky dasy iomm K i SO,”.Tomy diryparuBHa Touka i€l
I’ ITAKOMITIOHEHTHOI CUCTEMH MOCTIMHO nepeOyBae B MO KpUCTaII3alli JIEOHITY.
BinOyBaeThcs 3B’s13yBaHHS BOJM B KPUCTAIOTIAPAT 1 BOJIOTICTH CYMIIIIi MOCTYTIOBO
3MeHInyeTbes.  Ilicas BUTpadaHHS MIDKKPUCTAIbHOTO PO3YMHY  TiJpaTaris
JaHTOEHHITY 1 KI3EPUTY, a TAKOK KOHBEPCIS 3 YTBOPEHHSM JICOHITY 3YIUHSIOTHCA.

Otxe, oTpuMaHl pe3ynbTaTH IOKA3ajd, IO B CEPEIOBHUIII IIEHITOBOTO
PO3YMHY 1 32 y4acTO HaTpil0 Cyiab(}aTy KOHBEpCis JAHTOCHHITY 3 J00aBJICHHSIM
KaJII0 XJIOPUJLY TIPOTIKAE 3 BUCOKUM CTYMEHEM 1 IO /i 3a0e3MeUeHHs] TOBHOTH

peakIlii HeoOX1aHO, 00 pearyroya CyMilll MOCTIMHO 3aJIUIIAIaCh BOJIOTOIO.

4.5. locainzkeHHs peakuii rigparauii Kizepurty 3 100aBJIeHHAM HATPil0

cyJab@ary i Kajio XJopuay

VY noniminepaneHiid pyai [IpukapnaTTs MICTUThCS, SIK OyJI0 CKa3aHO paHille,
o 10 % BaXKOPO3UMHHOTO KI3€pUTy, SKUW JOLIJIIBHO KOHBEPTYBaJIH SK

cyabdarauii miHepan y meHiT. KizepuT € BaKKOPO3UMHHUM MiHEpajoM 1 3a
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BIJIOMHUMH TEXHOJIOTISIMA CTyHiHb HOro PO3YMHEHHSI 1€ MEHIIHWM, HIXK
JaHrOeHITY, TOMY Maii>ke BCsl HOTO KUIBKICTh BUBOJUTHCS Y BiJIBaJl.

VY mporieci TpuBajoi rigparaiiii JaHrOSHHITY 1 KOHBEpCii JISTKOPO3UUMHHHUX
XJIOPUTHUX MIHEpAJIiB 13 HATPIIO CyIb(PaTOM y HMICHIT MOXKIMBA TaKOXK TiJIpaTallis
KI3epUTy 1 KOHBEPCiS 3 XJOPUAHMMH COJSIMH 3 YTBOPEHHSM IIeHITy. Tomy
MPOBEJIM OKpeMi JIOCTIKEHHSI TpOIecy TriapaTaliii Kizeputry 3 A00aBICHHSIM
HaATPiIO Cyab(dary, Kajaito XJIOPUIY Ta BOJU. YMOBH MPOBEACHHS €KCIIEPUMEHTIB 1
XIMIYHOT'O aHaJTI3y OyJIM aHAJIOT14H1 ONMKCAHUM paHiIlIe.

bpamu BigmoBigHo (3a piBHsSHHAM peaknii 3.8) 360,4 T mpomuToro Mo
dpakiiiiHoro 3paska OpUPOJHOTO Kizeputy, 287,9 1 kamito xmopuay, 369,99 r
HaTpito cynbdary 1 257,8 r Boau. Kinbkicts Boau 6panu 100 % Bix crexioMmeTpii.
3outbmena go 100 % Big crexiomeTpii KUIBKICTh BOJAM B JaHUX YMOBAax
3a0e3nedyBajia yTpUMyBaHHS piakoi ¢dazm B 00’emi cymimni. JlocmimkeHHS
npoBouian 3a Temrepatypu 313 K Buxoasuum 3 €K30TEPMIYHOCTI peakiiii
KOHBEpCIi 1 TaHuX HaBeJeHux paniie. [Ipobu BinOupanu uepes 1, 2, 3, 5, 7, 10, 15

1 20 116. Pe3ynpTat eKcieprMMEHTAIbHUX JOCTIKeHb HaBeaeH! B Taomuii B.3 i

Ha puc. 4.11.
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Puc.4.11. 3anexHicTh CTyNEHs rigpaTariii (o) Ki3epuTy 3a Y4acTIO HATPItO

cyJbdaTy 1 Kajio XJOpUAY BiJ TpUBaAIOCTi (T) mpolecy 3a temmeparypu 313 K
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[Npaparariis Ki3epuTy I1HTEHCHBHO TMpoOTikae mpoTsarom nepmux 170 rox 1
ctyninb ii gocsarae 70,0 %. Ilicnst mporo 3HauenHs iforo a0 480 roj MpakTUYHO
3AITMIIAETHCS MOCTIHHUM. OTXKe, BAXKKOPO3UMHHUHN Ki3€pUT MOJIIMIHEPATBLHOT PYIU
y TIpolieci TiApaTallii JaHrOeHHITy 1 KOHBepCli XJIOpUIHUX MIHEpaliB 13 HATPIIO
Cyib(haTOM TaKOK KOHBEPTY€ B JIETKOPO3UMHHU IIEHIT.

3 ojdepKaHUX pe3yJbTaTiB EKCIEPUMEHTAIbHUX JIOCHIKEHb peakilii
KOHBEPCii MPUPOIHOTO JAHTOCHHITY 3 HATpiI0 Cyab(aTOM 1 Kallilo XJIOPUAOM
MO>KHA 3pOOUTH TaKi BUCHOBKHU:

3a pe3ynpTaTaMH XIMIYHOTO aHami3y piakux ¢a3 CTymiHb KOHBEpPCii
JaHTOEHHITY 13 HATPIIO CyIb(PaTOM 1 KaJII0 XJIOPUAOM y HIEHIT 3pOCTAE MPOTITOM
yChOTO TEPIOY MOCHIIKEeHb, MPUYOMY HAWOUIbII IHTEHCHMBHO B mepiil 5 mil.
HaiiBumuii cTymiHs KOHBepcii mocsraetbes 3a Temmeparypu 303-323 K. Jlns
YACTUHOK JIaHTOEHHITY 3 po3MipoM 3 — 5 MM mpolec KOHBEpCii 3aBEpIIyeThCS
npakTUuyHO TpoTsaroM 10 mi0. 3MEHIIEHHSIM PO3MIpYy YACTHHOK JIAHTOEHHITY 1ier
nepio MOKHA 3MEHILIUTH.

[Ipouiec koHBepcii JaHTOEWHITY MpoTiKae y audys3iiiHiN, OMU3BKIA 10
nepexiiHoi obmnacti. Y BOAl JaHTOEHHIT pO3YMHSAETHCS B KIHETUYHIM 00sacTi, zie
JIMITYIOUOIO € XIMIYHA peakilisi MOJEKyJ JaHrOelHITy 3 BoOJOI0. BinBeneHHs
MPOJIYKTIB PEaKIIii BiJ] TOBEPXHI HE JIMITYE MPOIIEC.

Y BoJIOTI CyMillll HAMMOBUIBHIIIMKM IPOLIEC MEPEMIILIEHHS 10HIB 1O TOBEPXHI
nanrOetinity. CTae MOMITHIIIUM OOMEXYIOUUi BIUTMB AudYy3ii 10HIB y HaMIBCYX1d
Maci B KiHI[l peakKiiii.

[IpoaykTu peakiiii Majgo BIUIMBAlOTh HA 3HAUYECHHS €HEPrii akTUBAIll 1 Ha
IIBUJIKICTh MTPOTIKAHHS MIPOIIECY.

[Topsimok peakiii KOHBepCli CyMillll JIAHTOCHHITY, CHJIBbBIHY, MIpaOUITy 1
Boau mepebyBae B mexax 0,18 — 0,22, mo HaOmkae i 10 peakiii HYJIbOBOTO
MOPSIZIKY, B SIKIA MIBUIKICTH MPOIECY BU3HAYAETHCS TUTHKH MMOBEPXHEI0 YACTUHOK
JaHTOCWHITY 1 HEe 3aJIeKUTh BiJl KOHIIEHTpALlli pearyrouux peyoBUH 1 MPOAYKTIB

peaxiiii B 00’emi pearyrovoi MacH.
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[Npapararis naHrOelHITY YHCTOK BOJIOIO Tiepedira€ 1HTEHCHBHIIIE 3a
BIJICYTHOCTI HaTpito cynbdaty . [Iporsarom mepmmux 168 roxa. cTymiHb KOHBEpCii
3poctae 10 39,4 % miciig 4oro NpakTUYHO HE 3MIHIOETHCS. Y MPUCYTHOCTI HATPIIO
cynb(dary TiAparaiis JIAHTOCHHITY CIHOBUIBHIOETHCS 1 3@ aHAJOTIYHUN dac
CTaHOBUTH 25,3 %.

CroBUIbHEHHS TiApatallii JaHrOeHHITy B MPUCYTHOCTI O€3BOJHOIO HATPIilO
cyib(aTy MOSICHIOETbCS 3HIKEHHSM aKTUBHOCTI BOAM B PO3UHMHI, B SIKOMY KpiM
Kl 1 marHiii cynaedartiB € me ionn Hatpito. Kpim Toro, Harpiro cynbdar y
cyMilri nepeOyBa€e B KPUCTAJIIYHOMY BUTJISIAI, TOMY YaCTHHA BOJW BUTPAYAETHCS
Ha YTBOPEHHs WOro Kpucrajoriapary. Yepe3 1me ajis ripataiii JIaHTOeHHITY
3JIMIIAETHCS MEHIIIA KIJTbKICTh BIJIbHOI BOJIH.

[NppaTania naHrOEHWHITY 3 100aBIEHHSAM 3aMICTh BOJAM IIEHITOBOTO PO3YHHY
13 Hatpito cynbdparom B mepini 240 roj BiAOyBaeTbCs IHTEHCHBHIIIE, HDK 0€3
HATPIO Cylb(]aTy, IO MOSICHIOETHCA MO3UTUBHUM BIUIMBOM HATPIIO XJIOPUIY Ha
MPOIEC PO3YMHEHHSI JIaHTOelHITy. Pearyroya cymilll MIITHO CXOILUTIOETHCS 1 CTa€
Maibke cyxorw. Bomoru nmsi mpoAoBiKeHHsI peakiiii Tifpataiiii He 3aJIHUIIA€THCA.
CymMim 0e3 Hatpiio Cysib(hary 3aJIMIIAETHCS BOJOTOK 1 peakilis MPOAOBKYEThCS
MPOTATOM YChOT'O MEPIOAY AOCIIIKCHHS.

OCHOBHI HAayKOB1 pe3yJbTaTH IbOTO PO3JITYy HABEJACHO B IMyOJIKaIlisX

[180,183, 188, 189].
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PO3/1I 5

JOCAIIXKEHHS MTPOLIECY PO3YMHEHHSI KOHBEPTOBAHOI PYIH
B OBOPOTHOMY HIEHITOBOMY PO34YHHI

3rifHO 3 BHILEHABEACHUMH pE3yJIbTaTaMU JOCHIIPKEHb HU3bKHM CTYMIHb
pPO3UMHEHHS CyNb(aTHOTO MiHEepaldy — JIAHTOEHHITY — MPU3BOJAUTH 0 HACHYCHHS
pO3UMHY Ha CTafll pPO3YMHEHHS pyIu XJIOpuAHUMH cosaMu. Ilig uvac Bakyym-
KpHUCTaJII3allii 13 OTPUMAHOTO PO3YUHY KPUCTAII3YETHCS CYMIII XJIOPUIHUX COJIEH
Ta MIEHITY, BHACIIJIOK YOTr0 OAEP>KYBaJIM HU3BKOSIKICHY KaJIIMArHe31lo 13 BMICTOM
nomimok Cl 1o 25 %, a Butsar Kamiro i3 pyau B KaliMarde3iro CTAaHOBUB HE OiIbIiIe
50- 60 %.

Jlnst 301MbIIEHHS CTYNEHS PO3YMHEHHS JIAHTOCHHITY 3 MOJiIMiIHEpaIbHOI
KaJiifHO-MarHieBoi pyau Oymu po3po0Oieni Texunouorii [107 — 130], siki BUSBHIHCH
CKJIAQJHUMU, 0aratocTaiiHUMU, EHEPrOBUTPATHUMH 1 MNOTpeOyBadu 3HAYHHUX
KaIiTaJbHUX BUTpAT.

Kousepcis BAKKOPO3UMHHUX Ta JIETKOPO3YMHHUX MIHEpaIiB
MOJIIMIHEPAJIbHOT ~ KaJIIMHO-MarHi€Boi  pyad 3 OPUPOAHHM  MipabumiToM
CYNPOBO/IKYETHCSI YTBOPEHHSM JIETKOPO3UMHHOTO IIEHITY 1 HATPil0 XJopuay 6e3
YTBOPEHHSI MOJIBIMHUX coJied 13 HaTpito cyinbgpaToMm. IIeHIT € Jerkopo3urnHHUM
MIHEpAJIOM 1 HOro pO3YMHEHHS MO)KHA 3IIMCHIOBATH 3a HWXKYOI, HDK A
PO3YMHEHHS KaiHITOBOI pyu, TeMiiepaTypu. Jlo6aBieHHs B mpoliec MipaOuIiTy 1ae
3MOry peryitoBaru criBBigHomeHHs Mixx MgSO, ta MgCl, B po3uuni y nporieci
PO3YMHEHHS PYAW 1 KpHUCTaji3allii IIEHITY 1 BCTAHOBIIIOBATH ONTHMAJIbHE HOTO

3HA4YCHHA.

5.1. docaigkenns BniuBy cniBBigHomenHs ¢a3 T:P Ta remneparypu Ha

npouec po3YMHEHHS! KOHBEPTOBAHOI PyIu

Jlnst maGopaTopHUX AOCHIIKEHb Opanu MOJIMiHEpalbHY KajliiHO-MarHi€eBy

pyny i3 pynauka Ne 1 mpuBaTHOrO akiioHEPHOTo ToBapucTBa «CTEOHUIIbKE
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ripanuo-ximiyne mignpuemctso «llomiminepan». [i moapiOGHIOBamM 10 po3Mipy
menmre 5 mm. Cxiax pyan, (mac. %): K — 8,40, Mg®* — 5,03, Ca®* — 1,32, Na* —
11,00, CI' — 20,41, SO42' — 28,69, H,O — 5,03, u.3. 20,12. ¥V mepepaxyHKy Ha
MiHEpaJIbHUH CKJIaJ IoYaTkoBa pyaa Mictwia, (mac. %): amrigputy — 0,9;
noiranity — 7,9; nanrbetinity — 19,0; kainity — 7,1; cunbBiny — 5,0; Kizeputy —
5,1; ramity — 27,9; v.3. — 20,1.

[Tpuponuuit MipaOimIT BiAOMpaIn HA OYATKy BECHH Ha 30BHILIIHBOMY OOPTI
namOu xBoctocxoBuia Ne 2 mignpueMmctBa «Kamitauit 3aBoa» y Kamymr, ne BiH
BUJUISIBCS B XOJIOAHY 3MMOBY TIOpY 3 KOHIEHTPOBAaHUX PO3CONIB, SKi
IIPOCOYYIOThCS Yepe3 TUIO AaMOu 1 mpoMuBaBcs arMocepHumu onagamu. Ckiag
mipa6inity, (mac. %): K — 0,00, Mg** — 0,01, Ca®* — 0,02, Na* — 13,98, CI - 0,02,
SO,% - 29,21, H,0 — 56,76. Y mepepaxyHKy Ha MiHEpaIbHHil CKIax MPUPOIHUI
MipaOuIiT MICTHB, Mac. %: mipabiaity — 98,0; Bosioru 1 gomirmiok — 2,0.

st nabopaTopHux JociikeHb Opamu 28,5 kr mojapiOHeHoi pyau, 6,9 Kr
Mmipabimity 1 3,0 kr Boau. Cymill CTapaHHO NeEpeMillalii 1 3acuiaid B
repMETUYHUN TOJIeTUICHOBUIM Mimok. [lepioguuno 3 iHTepBasiom 2 — 3 1HI
CyMilll, HE PO3B’SA3YIOUM MINIKA, MOPYIIyBajid, MIIIOK MepeBepTanu s
3BOJIOKEHHSI CYMIllll 3JPEHOBAHOI0 YacTUHOK piakoi (asu. Yepes 20 naHiB
BiZli6pay npoOy MPOKOHBEPTOBAHOI PyIM, BOHA Mana cknaj, (Mac. %): K* — 6,40,
Mg? — 3,44, Ca** — 1,31, Na* — 12,59, CI — 16,92, SO,* — 27,98, H,O — 12,96,
H.3. — 18,40. Ckajg 3aJuIiKiB 3apeHoBaHol piakoi ¢as3u HacTymHui, (Mac. %):
K" — 2,51, Mg®" — 4,44, Ca®* — 0,02, Na*" — 3,43, CI' — 15,55, SO,* — 6,72, H,0 —
67,35. YV mnepepaxyHKy Ha €KBIBaJCHTHI IHJEKCH CKJIaJ, MIKKPUCTAIbLHOIO
po3unny: X=32.58, Y=85.05, n=34.74, W= 17.42, Bka3ye Ha Te, 10 ¢irypaTuBHa
TOYKa CKJIaay piakoi dazu B 1’ ATUKOMITOHEHTHIH cucTeMi
K", I\/Ig2+, Na*// CI', SO, — H,O nexwurs y mouti Kpuctamizaiii menity [165], B
SKOMY TBep/il a3y CHIbBIHY, KaiHITY, JaHTOCHHITY 1 KI3€pUTY € HECTAOUTbHUMU 1
KOHBEPTYIOTh y CTaOUIbHI (Da3u MICHITY 1 JICOHITY.

[TpoBenu mocHimKeHHS 3 PO3YMHEHHS KOHBEPTOBAHOI PyIu B OOOPOTHOMY

IIeHiTOBOMY po3umHi rycturoo 1286 kr/m® cknamy, (Mac. %): K* —3,27, Mg®* —
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3,14, Ca** — 0,02, Na" — 3,85, CI' — 14,71, SO,* — 4,55, H,O — 70,46 B inTepaani
temriepatypu 313 — 353 K 1 3a pi3HOro MacoBOTO CIIBBIJHOIICHS PYyId 1
noyatkoBoro po3uuny (T:P). Bkazanuii iHTepBa) Temreparyp BUOpaHUN Ha
MiJCTaBl TOTO, IO 3 TOJIKOMIIOHEHTHOTO PO3YHMHY ITiJI Yac OXOJIOKCHHS BiJl
temneparypu 343 K no temnepatypu 318 — 323 K mieHit 1mie He KpUCTaTi3yEThCS.
ToMmy MoOXXHa OUYIKYBaTH PO3UYMHEHHS 3a LHUX YMOB HIEHITY pyau. BepxHio
temneparypy 353 K BuOpanu Ha migcTaBi TOro, MO0 B IUX YMOBaxX MOYHHAE
BUIUIATHCH BTOPUHHUIN JTaHrOeiHiT [177].

Jltst mocrmimkens 500 e’ PO3YMHY 3aJIMBAIA B ABOCTIHHUI TEPMOCTATOBAHUI
peakTop 13 MIIIAJIKOK 1 HarpiBaid A0 3agaHoi Temmeparypu. Iliciga mporo B
peaKkTop 3acHUIlajii PO3paxOBaHy KUIBKICTh KOHBEPTOBAHOI Py 1 MPOJOBXKYBAIH
nepemimryBanHs. [IpoOu pigkux (a3 BiaOupanu yepe3 IMEBHI NPOMIKKH dYacy.

PesynpTaTi XiMiYHOTO aHasi3y HaBe/IeH1 Ha pucyHkax 5.1 — 5.3 1 B Tabmmmi I'.1.
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Puc. 5.1. 3anexuicts koHueHnTpauii 10H1B Kanito (C) mig yac po3urHEHHS Yy

IICHITOBOMY PO34MHI Bij yacy () 3a cniBBigHomeHHs P:T=2:1 Ta piznoi

Temneparypy, K: 1 —313; 2 — 323; 3 - 333; 4 — 343; 5 — 353
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Puc. 5.2. 3anexHicTs kKoHLeHTpallii 10HIB MarHito (C) miJ1 yac po34YuHEHHS y
IIEHITOBOMY PO34MHI BiJ yacy (t) 3a cuiBBigHomeHHs P:T=2:1 Ta pi3Hoi

temmneparypu, K: 1 —313; 2 — 323; 3—333; 4 — 343; 5— 353
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Puc. 5.3. 3anexHicTh KOHUEHTpali cylbdaT-ioHiB (C) mia yac pO3UUHEHHS Y
IICHITOBOMY PO34MHI Bij yacy () 3a ciiBBigHomenHs P:T=2:1 Ta piznoi

temriepatypu, K: 1 — 313; 2 — 323; 3 - 333; 4 — 343; 5— 353
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Sk BUIIHO 3 HaBeACHUX JaHUX, 3a Temneparypu 313 — 333 K koHIeHTparis
ioniB K*, Mg”™ i SO4* B po3umHi 3pocTae mpoTAroM mepmux 15 XB, micis 9oro
MOCTYIIOBO 3MEHIIYEThCS. Lle MOSACHIOETHCS TUM, 1110 TICHS JOCATHEHHS HACUYEHHS
pO3uMHYy 3a CyIb(aTHUMHU COJIIMA Yy TPHUCYTHOCTI HEPO3UMHEHOTO IIEHITY YH
JICOHITY TMOYHMHAE KPUCTANI3yBaTHCh JICOHIT HA HAasBHINA 3aTpaBlli TBepaoi ¢asu.
Tomy, He3BaKalOUM Ha BHUCOKY IIBHJKICTh PO3YMHEHHS IIEHITY, SKa y BOJI 3a
temneparypu 298 K cranoButs 22 mm/rop 1 3a remmnepatypu 348 K — 100 mm/rog,
110 O1ibIIe 3a MIBUIAKICTh PO3UMHEHHS KAiHITY B THX € YMOBaX — BIJMOBIIHO 9 1
58 mm/ron [32], y BkazaHOMYy iHTEpBalli TEMIIEPATYp MOXHA JIOCITHYTH BUCOKOTO
HACMYEHHS PO3YMHY KaJliHO-MarHi€BUMHU CyJdb(aTHUMH COJISIMU JIMIIE 32
CTPOTOT'0 PErYyIIOBaHHS TPUBAIOCTI PO3YMHEHHS, [0 B IPAKTUYHUX YMOBAaX BAXKKO
peanisyBaru. 3a Temmeparypu 343 K xonmentpauis iomis K*, Mg®* i SO, B
PO34MHI 3pOCTa€ MPOTATOM BChOTO MPOIECY po3uuHEHHs. 3a TemmnepaTtypu 353 K
koHueHTpauis ionie K*, Mg* i SO,* B posunsi 3pocrae mporsirom 15 — 20 XB 10
5,57, 3,76, 10,07 % BiAMOBIAHO, MICIISI YOTO MOYWHAE 3HUKYBATHCHh 3a PaxXyHOK
KpUCTai3aiii BaXKKOPO3YMHHUX BTOPUHHHUX CYJIb(ATHUX KaldliHO-MarHi€eBUX
MiHepastiB, iMOBIpHO JaHroeiHiTy [177]. OTxe, I PO3YMHEHHS KOHBEPTOBAHOM
B LICHIT pyAH TEMIIepaTypa pPO3YMHEHHS MOBMHHA CTaHOBUTH Oim3bko 343 K, 3a
SKOI JTOCSTAEThCSl HAMOUTbIIIE HACUYCHHS PO3UMHY CyibhaTHuMu cossimu Karmito 1
Marsito 1 KOHIIEHTpalisl COJied He 3MEHUIYEThCA B Yaci 4Yepe3 YTBOPEHHS
BTOPUHHUX KaJIIMHO-MarHi€BUX CyiIb(aTHUX MiHEPaTiB.

JlocniKyBaJld TaKOX PO3YMHEHHS PYIM 3a PI3HOTO CHIBBIAHOILIEHHS Mac
po3unHy 1 KoHBepToBaHOi pyau (P:T). Orpumani pe3ynabTaTH HaBEIEHI Ha
pucynkax 5.4 — 5.6. 1 B Tabnumi I'.1 qomaroxy.

Sk BUIHO 3 HaBeIEHUX JaHMX 3a Temnepatypu 343 K HaiiBumia KoHIIeHTpalis
ionie K* nocsirae 5,35 %, I\/Igz+ —3,76 %1 S0,% — 10,2 % 3a criBBiHOIEHHS Mac
po3uMHY 1 KOHBepTOBaHOi pyau 1,8 1 BigmoBigHO 5,24 %, 3,76 % 1 9,8 % 3a

criBBigHOIIEHH 1,6 uepe3 10 XB, MICIs YOTO MIBUIKO 3MEHIITYEThCH.
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Puc 5.4. 3anexuicte koHueHntpauli 10H1B Kainiro (C) mig yac po3uMHEHHS
Pyl B IIEHITOBOMY PO34MHi BiJ yacy (T), cniBBiaHomeHHs T:P Ta pizHoi
temneparypu: 1 —1:1,83a 323 K;2-1:1,63a 323 K;3-1:1,83a 343 K; 4 - 1:1,6
3a 343 K
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Puc. 5.5. 3anexHicTh KoHUEHTpallii 10H1B Marsito (C) miJ yac po3YuHEHHS
PyIiU B IIEHITOBOMY PO34MHi BiJ 4acy (T), criBBiaHOmeHHs T:P Ta pizHoi
temneparypu: 1 —1:1,83a 323 K;2-1:1,63a 323 K; 3-1:1,83a 343 K; 4 —-1:1,6
3a 343 K
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Puc. 5.6. 3anexHicTh KOHUEHTpalli cyibdaT-ioHiB (C) mijg yac pO3UUHEHHS
Pyl B MIEHITOBOMY PO34MHi BiJ 4acy (T), criBBiaHomeHHs T:P Ta pizHoi
temneparypu: 1 —1:1,83a 323 K;2-1:1,63a323 K;3-1:1,83a343 K; 4—-1:1,6
32343 K

3a Temnepatypu 323 K i CIHIBBIIHOIIEHHS Mac PO3YMHY 1 KOHBEPTOBAHOI
pyau piBHoro 1,8 HaiiBUIIIa KOHIICHTpAIllS 10HIB K" nocsiraersest 5,17 %, Mg2+ -
3,65 % i SO4% — 9,6 % a 3a crisBinHomenns 1,6 — Bixmosiguo 5,23 %, 3,8 % i
10,0 % nocsraetbest dyepe3 10 XB, MICAS YOTO TaKOX IIBHIKO 3MEHIITYETHCS.
3menmrenns konuentparii K¥, Mg™ i SO, B po3umHi Mic/Is PO3YHHEHHS PyIH
npoTsAroM Yacy Oinbine 15 xB 3a Temnepatypu 343 K Mo)kHa MOSICHUTH THM, IO 32
HAJUIMIIKY KUIBKOCTI WIEHITY B PYyJl MiJ Yac PO3UYMHEHHS 1 JOCSATHEHHS
HACHYEHOCT1 PiAKOl (a3u BiH CTae 3aTPaBKOI ISl KpHCTaTi3allii BTOPUHHHUX
KaJIIHHO-MarHieBux  cyibatHux  MmiHepamB. Otmxke, [  pO3YMHEHHS
KOHBEPTOBAHOI B IICHIT PyAW TeMmIeparypy MoxkHa BuOpatu Omuspko 343 K,
criBBiIHOIIEHHS Mac po3umny i pyau (1,8 — 2,0):1 1 tpuBanicts mpouecy 30 —

45 xB.
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VY BKazaHMX yMOBax MPOBEIM PO3YMHEHHS KOHBEPTOBAHOI B ILIEHIT PyIu 3
METOI0 OTPUMAaHHS HACHYEHOTO Po3unHy. 540 T KOHBEPTOBAHOI PYIU PO3UHHSIIN B
1080 r meHiToBOoro po3uuHy. JIo OTpUMaHOr0 TIMHHCTO-COJBLOBOIO PO3YHMHY 3
rycruroo 1321 kr/m®  moGaBmsum 20 oM’ 0,25 % po3dMHy MOJTiaKpHIAMILY s
KOAryJqliOBaHHS TJIMHUCTHX YAaCTUHOK 1 oOcCBiTIIOBaKM. OCBITICHUH PO3UMH
JEKAHTYBAIX, TO0ABISIA 10 HHOTO 50 cM° BOAM IS KOMIICHCAL[i 3B’S3aHOI B
KpucTajorigpar Boau 1 oxojomkyBamu jo Temmepatrypu 293 K. Cycnensito
BIJICTOIOBAIIM 1 GIBTPYBaiU, ocall BucyuryBaid. Otpumanu 118 r kamimaruesii i3
BmicTom 29.4 % K0, 9,1 % MgO 11,4 % CI..

Jns peanizanii B MPOMUCIOBUX yYMOBAax JOLUIBHO MipaOuIIT 3MINIyBaTu 3
MOAPIOHEHOI0 /10 pO3Mipy MeHIIe 3 — 5 MM 1 3BOJIOKEHOIO MOJIMIHEPAIBHOIO
pynoto. Ilicas ButpumyBanHs B OypTax mpotsrom 15 — 20 mi6 3a temmeparypu
HaBKOJIMIITHBLOTO CEPEAOBUINA XJIOPHIHI KadiliHI Ta KaJIHHO-MarHi€Bl MiHEpaJlu
Py KOHBEPTYIOTh Y JIETKOPO3UMHHHUMN IICHIT 1 HATPIIO XJIOPHJI, a BAXKKOPO3UHHHI

JaHTOEHHIT Ta KI3€pPUT T1IpaTyIOThCs 3 YTBOPEHHSM ILICHITY.

5.2. I'pado-ananiTuyHi gocxizkeHHs NMpoueciB KOHBepcii B cucremi

K*, Mg*, Na'|| CI', SO,*- H,O 3a yuacTio Hatpito cyabpary

AHanmi3 mpoueciB  nepepoOJeHHS MOJIMIHEpPaJbHOI  pyId, KOHBepcli
XJIOPUIHUX MIHEpATiB y Cylb(aTHi, KpUCTaIi3allli CoJiei 13 HACUUEHUX PO3UYUHIB,
TOIIO, MOXHa 3IIMCHIOBATH 3 BHKOPHUCTAHHSIM IUIOCKHX JiarpaM CHCTEMHU
K*, Mg®, Na* || CI, SO/ — H,0O. Ockinbku B3aeMomisi comeil y cucreMi
CYNPOBOJIKYETHCS KOHBEPCIMHUM OOMIHOM, TO KOHIICHTPAIIIO 10HIB 300pakaroTh
y eKBiBaJ€HTHUX 1HJeKcax. [Ipu 1pomMy cyMa KaTIOHIB 1 CymMa aHIOHIB JOPIBHIOIOTh
onuaMIl. KOHIIEHTpaIlis KOKHOT0 KOMITOHEHTAa 3MIHIOEThCS Bif 0 110 1.

[Tin wac mepepoOieHHs TOJIMIHEpATbHUX KATIWHUX PyA CKIAIHI PO3YUHU
MPAKTUYHO 3aBXKJM HACHUYEHI HATpito XJopujaoM. Harpiro Xjopua € mpoayKTom
peaxiiii KOHBEpPCIHHOTO OOMIHY 3 XJIOPUAHUMU KallHHUMH Ta KaJlIMHO-MarH1€BUMH

MIHEpajaMH 1 KpUCTalli3yeTbca B TBEpAY ¢azy, TOMy MOXKHA MPUKUHATH, IO CyMma
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kationis (K*+Mg?") mopisHroe cymi anionis (SO~ + ClI") 6e3 ypaxyBaHHs i0HIB
X7opy, 3B'a3aHux 13 WoHamu Hatpiro. J{ns xapakTepuCTUKH TOJSL KpUCTai3amii
TBepAUX (a3 BHKOPUCTOBYEMO IT'SITUKOMIIOHEHTHI KBaJpaTHI Ta TPHUKYTHI
niarpamu 3a temmeparyp 293, 323 ta 353 K, naBenmeni B siteparypi [63, 165].
Cknapn pigkux as, 13 SKUX KPUCTANI3yIOThCS COJI B IMpoleci KOHBEPCii HATpiio
cyJbdaTy, Kajliio XJOPUIY 1 MarHiro XJOPUY B CEPEIOBHIII IIICHITOBOIO PO3UHHY,
po3paxoBaHi B MOJBIMHMX €KBIBaJCHTaX 1 €KBIBAJCHTHHUX 1HACKCAX 1 HaBEICHI B
tabmuisax 5.1. — 5.5, Jlns rpado-aHaaiTHYHOTO aHaji3y MPOIIECiB 3a TeMIepaTypu
323 K Bukopucranu HaBeneHy B poOori [165] TpukyrHy nmiarpamy, a s
temneparypu 293 i 353 K — mpsmokytHy [63]. BigmoBigHo i po3paxysaiu
CKBIBaJICHTHI 1HJEKCHU: JJisi TPUKYTHOI JiarpaMu TOJBifiHA €KBiBaJIEHTHA
KOHLIEHTpaliss 10Ha JUIMTbCS HA CyMY €KBIBJICHTHOI  KOHIIEHTpalli
2K + I\/Ig2++ 8042', a JJIs1 KBaJpaTHOI — Ha CyMYy €KBIBaJICHTHOI KOHIICHTpaIlii

2K+ Mg,

. 2E,
IS E . + 2EM92+) (5.1)
2EM92+
(5.2)

Y =
(2E,. +2E,,..)

CkJ1azi mIeHITOBOrO pPO3YMHY, SIKHA BUKOPUCTAIU B POOOTI AJI JOCIHIIKEHHS
MpolleciB  KOHBEPCii MiClg PO3YMHEHHS B HBOMY HaTpilo  cyibdary,
XapaKTepHU3y€eThCs eKkBiBaIeHTHUMU iHAekcamu X = 55,04 Y = 85,10 (Ttouka P1),
3a remneparypu 293 K nexuTs y 1ol KpucTaizaii meHity Touka 1 puc. 5.7, 1 3a
temnepatypu 353 K jexuth y mom kpuctanizaiii Bantroddiry (puc. 5.8).

[Tin yac noOaBiieHHS 1O HBOTO OIMIO(ITOBOrO po3uHHYy (hiryparuBHa TOYKA
Horo ckjiamy XxapakTepusyerbes iHmekcamu X=56,4; Y=86,2 mepeMimaeTscs B
nom Kpucrtamizamii  BaHTrodpdity (touka P2) 1 mnporsrom 30 XBuUIUH
NepeMilTyBaHHs 3 HbOTO HE BUXOAUTH (BiAMOBIAHO 1HAeKcH X=57,0157,3; Y=85,9

1 86,3; Ttouku P3; P4). JlobGaBneHHS Kajiio XJIOpPUIY OO PO3YMHY BHUKIUKAE
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nepeMiiieHHs: GIrypaTUBHOI TOYKH CHUCTEMHU B MOJII KpUCTadizaiii BaHTToDdiTy B

01k Bepmuau KCI kBaapatHoi miarpamu (iHnekcn X=41,4; Y=65,3; Touka P5).

Bi Ki
MECl, ek T MgSO,
e
Ly« 15,88 .
wrsi4,20\8 n=0,207 o
080,42
w20, 50
n«0,504 - Th
HT 05} i
Si
g}
0.2
we=§4 85
n-2731
K.Cly 27 c'.l4 0:5 0:, KaS04
——

Puc. 5.7. Cucrema K*, Mg*, Na" || CI', SO,* , H,0 3a temmeparypu 293 K [63]

(y BUIiIEHOMY TOJTI ITOKa3aHi TOYKH CKJIaay PLAKUX (a3 mporecy KpucTasizaiii)
Pesynbrati nocnmigpkeHb 1 KBajJpaTHa JiarpamMa 3 HaBeACHUMH B HIU
(GIrypaTUBHUMHM TOYKaMU CKJIaAy piakux (a3 mporecy KOHBEpCli HaTpiio
cynbdaty, Kaiio XJIOpUIYy 1 MarHiro XJOPUAY B CEPEIOBHII MIEHITOBOIO PO3UUHY

3a temneparypu 353 K HaBenena Ha puc. 5.8.

M@Cl, B Mgs04
- 7’.
Xe3l -8t L7 oSS
Ka . 7
ael Lo °F
La
le =18 X
yI osF  \mise | [ERmaes
n/&?%y/
St *
we17,7
o4 ;:.0 aglg Ti‘
- 35,
a2} (o3| - r.Jgas
- 7
e 18 ur=50,50
1 L ’2 = 2‘ 1
HKCly 82 04 a8 o8 KaS04
_’$

Puc.5.8. Cuctema K*, Mg®*, Na* || CI', SO,*", H,0 3a temneparypu 353 K [63]

(y BHIiIEHOMY TIOJTi ITOKa3aHi TOYKH CKIaay piAKuX (a3 mporiecy po3unHEHHS)
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[lin yac mepemimryBaHHsl cycrneHsii mpotsrom 30 XxB (QiryparuBHa TOYKa
NEPEeMIIY€EThCS B MO KpucTanizamii Bantroddity (iHaexcu BiamoBiqHo X=43,2 1
38.,8; Y=66,2 1 64,5; Touku P6; P7) 1 uepe3 30 xB y TBepaii a3l MOSBISIOTHCS

MarHito 1 HaTpito CcyibdaTu.

. . . 2+ . 2. .
Ta6mui 5.1 — 3anexHICTh €KBIBAJICHTHOI KOHIICHTpAITii 2K, Mg "iS0, PIIKHX
¢da3 Ta exBiBaJIGHTHUX I1HAEKCIB B MpoIleci KOHBEpCii HATpito cynbdary, Kamiio
XJIOPUAY 1 MarHir0 XJOPUIY B CEPENIOBHUINI IIEHITOBOTO PO3UYMHY BijJ dYacy 3a

temneparypu 353 K

UYac, | ExBiBajieHTHA KOHIICHTpAIlis ExBiBanentni ingexcu, x100

XB 2K* Mg | SO, | SO/ /2K'+ Mg Mg~ /2K*+ Mg~

ITicist mo6asnenns Na,SO,

10 0,02877 | 0,17937 | 0,11742 56,4 86,2
20 0,02916 | 0,17772 | 0,11784 57,0 85,9
30 0,02826 | 0,17855 | 0,11847 57,3 86,3

ITicis no6asnenust KCI

10 0,09194 | 0,17073 | 0,10868 41,4 65,0
20 0,08453 | 0,16579 | 0,10868 43,4 66,2
30 0,08939 | 0,16250 | 0,09785 38,8 64,5

Jlns mpoueciB 3a temmeparypu 323 K po3paxoByeMoO KOHIIGHTpallii 10HIB Y
MOABIMHUX €KBIBAJEHTAX 1 €KBIBAJICHTHI 1HACKCH, 3HAUEHHS SKUX MPEJACTAaBJICHI B
TadymI 5.2.

TpuxkyTHa nmiarpama 3 HaBeICHUMH B Hii (IrypaTUBHUMH TOYKAMH CKJIaay
pinkux ¢a3 mpolecy KOHBepcii HaTpito cyiab(dary, Kamilo XJOpUIy 1 MarHito
XJIOPUIY B CEPEAOBHIII IIEHITOBOTO po3unHy 3a Temmepatypu 323 K HaBeneHa Ha
puc. 5.9. Sk BUJIHO 3 HaBEIECHUX JIaHMX, MICJISI JOOABJICHHS HATPiO Cynbdary 10
MICHITOBOTO PO34MHY (irypaTUBHA TOUYKa CKJIaAy piakoi da3u mepedyBae B Mol

KpHUCTaji3allii acTpaxaHiTy (Touka A).
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. . . 2+ - 2. .
Tabnuis 5.2 — 3anexHICTh €KBIBAJICHTHOI KOHIICHTpAITii 2K, Mg "iS0, PIIKHX
¢da3 Ta exBiBaJIGHTHUX I1HAEKCIB B MpoIleci KOHBepCii HATpito cynbdary, Kamiio
XJIOPUAY 1 MarHiro XJOPUIY B CEPENIOBUINI IIEHITOBOTO PO3YMHY BiJ dYacy 3a

temneparypu 323 K

Yac, | ExBiBanenTHa koHtentparis | ExkBiBanentHi ingexcu, x100
XB 2K* Mg | SO,~ | 2K'2K'+ | Mg“2K*+ | SO, /2K*+
Mg*+ SO,% | Mg*+ SO,* | Mg®*+ SO~

ITicnst moOasnenns Na,SO,

10 0,02903 | 0,18184 | 0,10452 9,2 57,7 331
20 0,02891 | 0,18143 | 0,11201 9,0 56,3 34,7
30 0,02903 | 0,17978 | 0,11493 9,0 55,5 35,5

[Ticia no6asnenus KCI

10 | 0,06868 | 0,17197 | 0,10472 19,9 49,8 30,3

20 | 0,06996 | 0,15839 | 0,06891 235 533 232

30 | 0,06894 | 0,15798 | 0,06131 23,9 54.8 21,3
S04

NazSﬂ,, 3'(2304

Puc. 5.9. Posunnnicts B cucremi K*, Mg?*, Na* || CI', SO,*, H,0 3a Temmeparypu
323 K [165] (y BuaieHOMYy MO IMOKa3aHi TOUKH CKIaay piaKuXx (a3 mporecy

KpHCTaTi3aii)
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Uepez 30 xB mepeMillyBaHHS JI0 CYyCIIeH31i J00aBWIM Kallilo XJIOPH],

¢dirypaTuBHa TOYKM CHCTEMM 3alUIlIajiach B 1€ Yac y TMOJi KpUCTami3allii

actpaxaHity (touka B). IloTiM ming yac mepemimryBaHHS 3 KPUCTAJIIYHUM Kallilo

XJIOPUJIOM BOHA MIEPEMICTUIIACH Y MOJIe KpUcTati3aiii JeoHiTy (Touka C).

Pe3ynpratn

rpado-aHaTITHIHUX

JIOCIIJKEHB

POLIECY

KOHBEPTOBAHO1 Py/IM HaBeAeH1 B TabmuIl 5.3 1 Ha puc. 5.10.

PO3YNHEHHS

Ta6mui 5.3 — 3anexHICTh €KBIBAJICHTHOI KOHIICHTPAILIi1 2K, M92+ 1 SO42' PIIKHX

¢da3 Ta exBIBaJICHTHHX 1HJEKCIB B IMPOLIECI PO3YMHEHHS KOHBEPTOBAHOI PyIU B

IICHITOBOMY PO3UMHI BiJ] yacy 3a Temmeparypu 323 K

Yac, | ExBiBanenTHa koH1eHTpallis | ExkBiBanenTHi ingekcu, x100
XB 2K* Mg | SO, [2K'2K'+ |Mg“2K*+ |SO,/ 2K*+
Mg?"+ SO | Mg?™+ SOZ | Mg?™+ SO.%
CriBBIJIHOIICHHS Mac PyaH 1 po3uuny 1:2
10 0,06548 | 0,15057 | 0,09921 20,8 47,8 31,4
15 0,06625 | 0,15140 | 0,09931 20,9 47,8 31,3
20 0,06587 | 0,14810 | 0,09504 21,3 47,9 30,8
25 0,06165 | 0,14646 | 0,08817 20,8 494 29,8
30 0,06165 | 0,14564 | 0,08390 21,2 50,0 28,8
45 0,05883 | 0,14440 | 0,07818 20,9 51,3 27,8
CrniBBIHOIIEHHS Mac pyau 1 po3uuny 1:1,8
10 0,06612 | 0,15016 | 0,09921 21,0 47,6 31,4
15 0,06497 | 0,15016 | 0,10014 20,6 47,6 31,8
20 0,06331 | 0,14810 | 0,09088 20,9 49,0 30,1
25 0,06152 | 0,14687 | 0,08588 20,9 49,9 29,2
30 0,07214 | 0,17608 | 0,09754 20,9 50,9 28,2
45 0,05973 | 0,11725 | 0,06173 25,0 49,1 25,9
CriBBITHOIIEHHS Mac pyau 1 po3uuny 1:1,6
10 0,06702 | 0,15551 | 0,08942 21,5 49,9 28,6
15 0,06676 | 0,15880 | 0,10337 20,3 48,3 31,4
20 0,06421 | 0,15510 | 0,09754 20,3 48,9 30,8
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[IponopxxenHs tadmn. 5.3.

25 0,06382 | 0,15510 | 0,09078 20,6 50,1 29,3
30 0,06101 | 0,15469 | 0,08484 20,3 51,5 28,2
45 0,05819 | 0,14852 | 0,07766 20,5 52,2 27,3

5 5 50 75 Mg

Puc. 5.10. Po3unnnicth B cuctemi K, Mg2+, Na" || CI, S0,% , H,0 3a
temnepatypu 323 K [165] (y BuaiieHOMy MOJIi MOKa3aHi TOYKH CKIaay piakux a3

IPOIECY KpUCTaTi3arlii)

Sx BUIHO 3 HaBEICHUX JaHUX, IIJl Yac PO3YMHEHHS KOHBEPTOBAHOI PYyIH 3a
temrepatypu 323 K 1 CHIBBIIHOIIEHHS Mac pPO3YMHY 1 pyau piBHoro 2:1
¢dirypaTiBHa TOYKa CKJIaay PO3YMHY Ha TOYaTKy Mpolecy mepedyBae B TOJ1
Kpuctamizaiii actpaxadity (touka K) 1 mpotsirom 45 XB mepeMilllaeThCcsi B
TOuKy L), HE BUXOISYM 3 LBOTO MOJS. 3a CHIBBIAHOIICHHS Mac PO3YMHY 1 PyIu
1,6:1 Touka ckiaay poO3UYMHY TaKOXX HE BUXOJUTH 3a MEXKI TOJS KpHUCTasizarlii
acTpaxaHIiTy: Touka M Ha TMo4aTKy Mpolecy 1 To4ka Mmoodsu3y Touku L B KiHII
poLecCy.

Pe3ynbraT  JOCHIIPKEHb MPOLIECY PO3UMHEHHS pPyId 3 J100aBJICHHSIM

HEBEJIMKOI KUIBKOCTI HaTPiO cynb(ary HaBeAeHl B Tabuuul 5.4 1 Ha pucyHKy 5.11.
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Sk BUAHO 3 HaBEICHUX JAHUX, I 4aC PO3YMHEHHS KOHBEPTOBAHOI PyaAH 3

N00aBICHHSIM HEBEJIUKOI KUIBKOCTI HATPilO CyNb(daTy GpirypaTuBHa TOUKA CUCTEMHU

HE BUXOJUTh 32 MEXI MOJISI KpUCTai3allli acTpaxaHiTy 1 IEePEMIIIYEThCS MTOOTU3Y

TOYKHU B.

Ta6nui 5.4 — 3anexHICTh €KBIBAJICHTHOI KOHIICHTPAILIi1 2K, M92+ 1 SO42' PIIKHX

¢da3 Ta exBIBaJCHTHHX 1HJEKCIB B IMPOILECI PO3YMHEHHS KOHBEPTOBAHOI pyIU B

HICHITOBOMY PO3YHMHI 3 PI3HUM cIHiBBigHOIIEHHIM y HboMmy MgCl, 1 MgSO, Bin

gacy 3a remnepatypu 323 K (cniBBigHOIICHHS Mac pyau i po3unny T:P=1:2)

Yac, | ExBiBanenTHa koHueHTpauis | ExBiBanentHi ingekcu, x100
x| 2K* Mg  [SO,” |2K'2K'+ |Mg™/2K*+ |SO,12K*+
Mg?"+ SO | Mg?+ SO,% | Mg?™+ SO%
10 r Na,SO,
10 0,06101 | 0,14934 | 0,10139 19,6 47,9 32,5
15 0,06101 | 0,14810 | 0,10119 19,7 47,7 32,6
20 0,06178 | 0,14769 | 0,09910 20,0 47,9 32,1
25 0,05935 | 0,14605 | 0,09307 19,9 48,9 31,2
30 0,05832 | 0,14234 | 0,08744 20,2 49,4 30,4
45 0,05589 | 0,14111 | 0,08078 20,1 50,8 29,1
20 r Na,SO,
10 0,05909 | 0,14358 | 0,10774 19,0 46,3 34,7
15 0,05551 | 0,14687 | 0,10878 17,8 47,2 35,0
20 0,06062 | 0,14481 | 0,10420 19,6 46,8 33,6
25 0,05947 | 0,14234 | 0,09744 19,9 47,6 32,5
30 0,05628 | 0,14070 | 0,09234 19,5 48,6 31,9
45 0,05551 | 0,13905 | 0,08630 19,8 49,5 30,7
Pe3ynpTaT  JOCHIKEHb  MpOLIECY PO3YMHEHHS nOpotsarom 15  xB

KOHBEpPTOBaHOI pyau 3a Temneparypu 323 K 3 moOaBieHHSM pi3HOI KUTBKOCTI

HATPIIO Ccynb(aTy Ta Mar”ito XJOPUAY 1 OXOJIOIKEHHS OTPUMAHOI'O PO3YMHY 10

temriepatypu 293 K naBeneHi B Tabnwuii 5.5 1 Ha puc. 5.715.9. — 5.11.
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Sk BUAHO 3 HaBEIECHMX AaHUX, (pirypaTMBHA TOYKa CKJIaay pinkoi (aszu
3HAXOJUTHCS TOONMM3y TOUKH J| B MOMI KpuCTami3alii acTpaxaHiTy Ui BCiX

I[OCJ'IiI[}KeHI/IX ITIOYAaTKOBHUX p03‘{I/IHiB.

. . . 2+ - 2. .
Ta6nuns 5.5 — 3anexnicTs exBiBanenTHOI KonuenTpauii 2K*, Mg~ i SO,° piakux
¢a3 Ta CEKBIBAJCHTHHMX IHJIGKCIB B TPOLECI PO3UMHEHHS IMPOTAToM 15 XB
KOHBEPTOBAHOI Py/H B IIEHITOBOMY pO34MHi BiJ criBBigHOmEeHHS Y HhoMmy MQCl,

1 MgSO, 3a temneparypu 323 1 293 K (CHiBBIIHOIIEHHS Mac PyJId 1 PO3UYHHY

T:P=1:1,8)
t, °C | ExBiBanieHTHa KOoHIeHTpamist | ExBiBanenTHi inaexcu, x100
2K* Mg | SO~ | 2K'2K'+ | Mg“2K*+ | SO, /2K*+
Mg?"+ SO.Z | Mg?*+ SO | Mg?+ SO
Bbe3 Na,SO,
50 0,06242 | 0,15263 | 0,09692 20,0 48,9 31,1
20 0,04182 | 0,13905 | 0,05913 17,4 57,9 24,5
10 r Na,SO,
50 0,06408 | 0,15263 | 0,10483 19,9 47,5 32,6
20 0,04387 | 0,13988 | 0,05653 18,3 58,2 23,5
20 r Na,SO,
50 0,05896 | 0,14934 | 0,10535 18,8 47,6 33,6
20 0,04540 | 0,13905 | 0,06517 18,2 55,7 26,1
30 T Na,SOq,
50 0,05602 | 0,14975 | 0,10785 17,9 47,7 34,3
20 0,03863 | 0,12753 | 0,06714 16,5 54,7 28,8
15 r MgCl,-6H,0
50 0,06523 | 0,16045 | 0,10077 20,0 49,1 30,9
20 0,04566 | 0,15181 | 0,05871 17,8 59,3 22,9
30 r MgCl,-6H,0
50 0,06344 | 0,16785 | 0,09931 19,2 50,8 30,0
20 0,04349 | 0,16003 | 0,05986 16,5 60,8 22,7
40 r MgCl,-6H,0
50 0,05871 | 0,14603 | 0,11836 18,2 45,2 3606
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[IponopxxeHHs tad. 5.5.

20 0,04144 | 0,15181 | 0,05955 16,4 60,0 23,6
45 r MgCl,-6H,0

50 0,06369 | 0,17855 | 0,10035 18,6 52,1 29,3

20 0,04297 | 0,18143 | 0,07152 14,5 61,3 24,2

[Ticns oxomomkeHHss A0 Temmneparypu 293 K HacHMU4€HOro po3UHMHY 3
nobasneHHsM 110 20 r HaTpio cynb(ary KpUCTAII3YEThCS MICHIT 1 ¢iryparuBHA
TOYKa CKJIaJly pO3UMHY IepeOyBae B MOJI1 KpucTaizallii meHiTy (Touku 1 1 2) puc
5.7. 306unbllIeHHS KUIBKOCTI Hatpito cyinbdary g0 20 r 1 BUIE NTPU3BOIUTH [0
MEepPEMIIICHHS] TOYKU CKJIaAy PO3UMHY B T0JIE€ KpUCTaji3allii Tia3epuTy (TOYKH 3
1 4) puc. 5.7. OX0n0KEHHSI PO3YUHY 3 J0OABJICHHSM PI3HOI KUIBKOCTI MAarHiio
XJIOPUAY NPU3BOAUTH 110 KpHUCTali3alli IIEHITY 1 (irypaTuBHa TOYKa CKJIAAy
pinkoi ¢a3zu mnepedyBae mNOOJM3Y TOYKM 2 1 HE BHUXOJUTH 33 MEXI HOJIA

KpHUCTaJi3allii MEeHITy Ha BCbOMY 1HTepBaJll JJOCIIIKEHb.

S04

”02504 3K2304

Puc. 5.11. Posunnsnicts B cuctemi K, Mg®, Na* || CI', SO.* , H,0 3a
temnepatypu 323 K [165] (y BuaiieHOMy MOJIi MOKa3aHi TOYKH CKIaay piakux a3

IpoIiecy KpucTati3aiiii)
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B mporeci KOHBEepTYBaHHS MOJIMIHEPAIBHOI KadiWHOT pyaud 3 MPUPOJIHUM
MipaOiTiTOM YTBOpIOBaJIacs HEBENUKA KUIbKICTh APEHAKHOTO PO3UMHY, XIMIUHUHN
CKJIaJl SKOTO HaBeJeHUW y po3aium 2. EkBiBaJeHTHI 1HIEKCH IIbOTO PO3UYHUHY
JOPIBHIOIOTH BiJIITOBITHO: SO42'/2K++ Mg2+ — 32,6; Mgz+/2K++ Mg2+ — 85,1.
dirypatuBHa TOYKa CKIaay I[bOTO PO3UMHY, HaHeceHa Ha puc. 5.7. (touka O),
JICKUTh Yy TIoJ KpucTaiizaiii menity. Ile o3Havae, mo Bci iHII TBepal (aszu, sKi
nepe0yBaroTh y KOHTakKTI 3 IIMM PO3UYMHOM, € HECTaOlIbHI 1 KOHBEPTYIOTH Y
cTaO1IbHY a3y IICHITY.

OTxe, pe3yabTaTH MPOBEACHUX rpado-aHATITUYHUX JOCTIIKEHb MOKa3alu,
o Tmpoiecu po3unHeHHs 3a Ttemmeparypu 323 1 353 K BimOyBaroTecsi B
cepeloBUIll piAKuX a3, (irypaTuBHI TOUKHM CKJIaAy SKUX JIeKaTh y MOl
KpUCTai3alii NoABIMHUX 13 HATPito cylibdaTom coneid. Tomy mifg dac ix mepeoiry
NOTPIOHO CTBOPIOBATH YMOBH, 32 SIKUX HE BIJIOYBAETHCS KPUCTAII3AIlS 3 Tapsuoro
HACHYEHOTO PO3YMHY TBEpJ0i (ha3u, 3 KO BTPAYAIOThCS IIHHI KOMIIOHEHTH
pyau. 3a temmepatypu 293 K, 10 sK01 OXOJIOMKYIOTh PO3YMHM JIJIST KpUCTaTi3allii
meHITy, (irypartuBHa TOuYKa CKJIaAy piakoi ¢da3su B MIMPOKOMY jiama3oHi
KOHLIEHTpAaIli MarHito XJOpPUIY 1 MarHito Cyib(}ary JeKHUTh Yy MOJI KpUCTami3aii
mieHiTy. ToMy B mpolieci 0XOJOKEHHS LISHIT He Oyjae 3a0pyaHIOBaTUCh HATPIIO
CyJb(aToM 1 HOro MoABIMHUMH COJISIMH, 1110 3a0€3MEYUTh MOKIIUBICTh OTPUMAHHS
CyJib(paTHOTO KaJiHHO-MarHi€BOro 100p1uBa BUCOKOT YUCTOTH.

BukoHaHi JOCHIKEHHS 3 PO3YMHEHHS TIiApAaTOBaHOI PYAU [alOTh 3MOTY
3pOOUTH y3arajibHEHHS 1 BACHOBKH, HaBEICH1 HUXKYE.

3a temmepatypu 313 — 333 K konuentpauis ionis K*, Mg®* i SO,* B posunsi
3pOCTa€ MPOTITOM Mepimux 15 XB, MICAS 4YOTO TOCTYNOBO 3MeHInyeThes. Lle
TOSICHIOETBCS THUM, IO TCJS JOCATHEHHS HACHYEHHS PO3YMHY 3a CyJIb(paTHUMHU
COJMSIMU B TPUCYTHOCTI HEPO3UMHEHOTO IIEHITY YM JICOHITY IOYHHAE
KpHUCTaII3yBaTUCh JICOHIT HA HASIBHIN 3aTpaBIii TBEP0i (asu.

3a temmeparypu 343 K xoumentpamis ionis K', Mg®* i SO, B po3uusi
3pOCTa€ MPOTATOM BCHOTO TMpoOIecy po3unmHeHHsA. 3a Ttemmeparypu 353 K

koHueHTpauis ionis K*, Mg®* i SO,” B posumni 3poctae mporsirom 15 — 20 xB,
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JOCSITal0YM HAMBUIIMX 3HAYEHb, MICJS YOro MOYMHAE 3HMXKYBATHUCH 32 PaxyHOK
KpHUCTaJi3allii BTOPUHHUX CYJIb(aTHUX KaJliHHO-MarHi€BUX MiHEPAaiB.

Jlnst po3uMHEHHSI KOHBEPTOBAHOI B IIEHIT PyAM TeMIlepaTypa PO3UUHEHHS
noBuHHA cTaHOBUTH 343 K, 3a sIKOi 1oCsraeThCcsi HalOIbIIIE HACHYEHHS PO3UYHHY 1
KOHIIEHTpAIlisl COJel He 3MEHIIYEThCS B 4Yaci uyepe3 YTBOPEHHS BTOPUHHHX
KaJIITHO-MarHi€BUX CyJib(aTHUX MIHEPAIIB.

Sk BUAHO 3 HaBeneHUX JaHuX, 3a Temneparypu 343 K HaiiBuma
KOHIICHTpAIlisl 10HIB K" 5,35 %, I\/Ig2+ 3,76 % 1 SO42' 10,2 % nmocsaraerncs 3a
CHIBBITHOIIEHHS Mac po34yHMHYy 1 KoHBepToBaHoi pynu 1,8:1 1 Bignosinuo 5,24 %,
3,76 % 1 9,8 % 3a cmiBBigHOmeHHs 1,6:1 dwepe3 10 XB, Mmicas 4OTO MIBUIKO
3MeHIIyeThecsl. 3a Temmeparypu 323 K 1 CHiBBIAHOIIEHHS Mac pO3YUHY 1
KOHBEpPTOBaHOI pyau piBHoro 1,8:1 HaiiBuima xonuenrpauis ionis K' — 5,17 %,
M92+ —3,65 % i SO4* 9,6 % a 3a crnisBignomenns 1,6:1 — Bignosinuo 5,23 %, 3,8
% 1 10,0 % nocsaraetncst yepe3 10 XB, MiCIIs YOTO TAKOXK MIBUKO 3MEHIIIYETHCSI.

Jlis po3umHEHHs KOHBEPTOBAHOI B MICHIT PyAU TEMIIEpaTypy pPO3UYMHEHHS
MoykHa BuOpatu 0au3bko 343 K, criBBigHOIICHHS Mac po3unny i pyau (1,8-2,0):1 1
TpuBaiicTh npouecy 30 — 45 xB.

Jlns peanizanii B IPOMHCIOBUX YMOBAaxX JOIUIBHO MIpaOUIT 3MIlIyBaTH 3
noApiOHEHO 70 Po3Mipy MeHIme 3 — 5 MM 1 3BOJIOKCHOIO IOJIMIHEPaIbHOIO
pynoto. Ilicas ButpumyBanHs y Oyprax mpoTsaroM 15 — 20 ni6 3a temmeparypu
HaBKOJIMIITHBOTO CEPEAOBHUINA XJIOPHIHI KajiliHI Ta KaJIHHO-MarHi€Bl MiHEpaJld
Py KOHBEPTYIOTh Y JISTKOPO3UMHHUH IICHIT 1 HATPiIO XJIOPHUJ, a BAXXKOPO3UUHHI
JaHTOEUHIT Ta KI3epUT TiIpaTyeTbcd 0 WIEHITYy. Butpara mipabuliTy CTaHOBHUTH
ommprko 20 — 25 % Bim macu pynu. [lpupomuuii mipaOutit Moxe OyTH
HU3BKOCOPTHUM, 3 JIOMIIIIKaMH TaJITy.

Jlnst 3a0e3neueHHs BHIYCKY KalliMarHesii CIIBBIJHOIIGHHS 3T1IHO pPeakxiii
(3.5) moBunHO mopiBHIOBaTH 0,3 MacoBi YacTKU CHJIBBIHY Ha 1 MacoBy 4YacTKy
KaiHiTy. CUJIBBIH BUTPAYAEThCSl TAKOXK JJIsi KOHBEPCIi €MCOMITY 3T1IHO peakIlii
(3.8) 1 manr6eitnity 3rigHo peakiii (3.7). ToMy MOBHICTIO KOHBEPTYIOTh Y IICHIT

MIHEpaIH PyIH 3a PEaAKIIELO:
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3KCI + KCI-MgSQO,4-3H,0 + K,S0O4-2MgSQO,4 + 2Na,SO4 10H,0 =
=3(K,S04-MgS04:6H,0) + 4NaCl + 5H,0 (5.3)

SIK1Io mpuHATH BMICT jaHroeiHity B pyai 20 %, 1o 3rigno peakmii (5.1)
CHJIBbBIHY B pyai motpiono 3,59 %, a kainity — 12,0 %. B ocHOBHOMY, Takoro
CKIaAy pyay mepepoOisiu Ha Kaniiaux mianpueMctBax Kamymra i CteOHHKa.

[IpepepoOnieHHsT MOJIMIHEpAIBHOI  PyAM 3 OTPUMAHHSAM KajiMarsesii
3a0e3MevyyeThCsl 3a JOTPUMaHHS B PO3YMHHIM YacTWHI PyAM MacoBOTO
cuiBBignomenuss KCl 1 MgSO, sike nopiBuioe 1,24. fxmo Menme — Tpeda
BUIIYKYBaTH KaMEpH 3 MIJBUIIICHUM BMICTOM CHJIbBIHY 1 IIMXTYBaTH a00 BUAUIATU
nIeHIT i3 gqomimkoro erncomity. Skmo KCI Ginbme, Toxi Ha cranii GpumsTpyBaHHs
HICHITY IPOMHUBATU OCaJ BOJOIO Ui YACTKOBOTO PO3KJIAaLy LIEHITY 1 OTpUMaHHS
kajimaraesii 3 migBumeHuM BMicToM K;SO,. SAxmo KCl ve Bucravae y pymi, To
MOKHA OTPUMYBATH KaJliMarHesito 3 nijgsuiieHuM Bmicrom MgSO,. Ycepennenns
CKJIaZy PYJY 3 METOI HAOMMKEHHS HOro 10 HEOoOX1HOTrO MOXKe OyTH JTIOCSTHYTO
32 paxXyHOK OJHOYACHOI €KCIUTyaTalli pi3HUX AUIbHHIL 1 TOPU30HTIB PYyJIHHKA, a
TaKOX IMUXTYBAHHS Pyau. SIKIO0 CHIBBIHY B pyAl Oyle HAJJIUIIOK, TO Ha CTafil
BUJIIJIEHHSI IIEHITY POOWUTHM YAaCTKOBMIM HOT0 pO3KJIaJ BOJOK 3 OTPUMAaHHSIM
KajmiMargesii 3 niaBuieHuM BMicToM KySOy.

Ha migcraBi BUKOHAaHMX TEOPETUYHHMX 1 EKCIIEPUMEHTAIBHUX JOCIHIIKEHb
MOXHAa  3alpONOHYBaTH NPOCTUNA  TEXHOJOTIYHUU TMpolec MnepepoOIeHHs
KOHBEPTOBAHOI pyJU: KOHBEPCI pyau 3 MipabutiToM y Oyprax, ii pO3UMHEHHS 3a
temriepatypu 343 K, BiaiIeHHS HEPO3UMHEHOIO TajiTy 1 IJIMHUCTOrO MYy, SIKi
HANpaBISIOTh HAa 3alOBHEHHS BIAMNPANbOBAHUX IMAXTHUX IYCTOT, BaKyyM-
KpHUCTai3allisl MIEeHITY 3 HACUYEHOTO PO3YMHY, CYIIIHHS IICHITY 3 OTPUMaHHSIM
KaJlIMarHe3ii Ta TOBEPHEHHS IIEHITOBOIO PO3YMHY Ha CTaJll0 PO3YMHEHHS
KOHBEPTOBaHOT pyau. BHAcCIIAOK 1BbOr0 HAIWIIKOBUN IIEHITOBHM PO3YMH HE
YTBOPIOETHCS, TOMY 1 BiJnagae morpeda HOro MOCTaaIAHOTO BUITAPIOBAHHS 1
BUKOPUCTAHHSA JUIs 1€l NOTpeOu 1eIIIMTHUX €HeProHOCIiB

OCHOBHI pe3yJIbTaTH IIOTO PO3/LTy Ommy0IiKoBaHO B Tiparisix [185-186]
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PO3/11 6
TEXHOJIOTTYHA CXEMA I TEXHIKO-EKOHOMIYHI PO3PAXYHKH

HaBeneni panimie pe3yiabTaTd J1abOpaTOPHUX JOCHIKEHb Jalld 3MOTY
BUOpAaTH CKJIaJ MaTepiaibHUX MOTOKIB JIJIsl pO3paxyHKiB MaTepialbHUX OalaHCIB Yy
3aMKHYTOMY TeXHOJIOTiYHOMY IHKIi. CKiaja BUXIIHOI pyId, HEPO3UMHEHOTO
3QIMIIKY 1 TMPUPOAHOTO MIpaOUNTY NPUHHSAIM 13 JaHUX J1abopaTOPHHUX
nociimkenb. llleniToBuil po3unH mepeOyBae y piBHOBa3l 3 BUKPHCTANIiI3yBaHUM
LICHITOM, TOMY KOHIleHTpamis y Heomy Mg®* i SO, i, Bizmosimao, MgCl, i
MgSO, 3anexuTh BiJ KITBKOCTI JOOABIEHOTO Ha KOHBEPCIIO MIpaOULITYy 1 MOXe
PEryJIOBATHCh Yy WIMPOKUX Mexax. i1 po3paxyHKIB MarepiajbHUX OajaHCIB
OPUMHSAIM CKJIaJ LIEHITOBOIO PO3YMHY, SIKMM BIANOBIJAE CKIAAy BUPOOHHUYOTO
pPO3YMHY 13 TEXHOJIOT1i 3 BUBEAEHHSAM HAJJIMIIKOBOIO IIEHITOBOTO PO3YMHY Ha
BumnaproBanHs. CKiaJl HAacCHUYEHOTO pPO3YMHY BIUIMBA€ Ha SKICTh Ta KUIBKICTh
BUKPHCTAJII3yBAaHOTO IICHITY 1 3aJIKUTD BiJl CKJIaJy KOHBEPTOBAHOT Py 1 yMOB il
po3uuHeHHs. B3suim Horo 13 pe3ynbTaTiB jJabopaTtopHux npociimxeHb. Ckian
BUKPHUCTANI3yBAaHOTO IIEHITY TaKOX B3SJIM 3a pe3ysibTaTaMu JIabopaTOpHUX
Jocimimkenb. 1[I ganl  HAOMMKEHO BIANOBIZAIOTH JAaHUM 13 TEXHOJOTII
IIPOMUCIIOBOTO  MepepoOJIeHHsI MOJIMIHEpaIbHUX KaIIMHUX pyAd 1 TOMY

BIJITBOPEHHS 1X MOYKHA OUYIKYBAaTH Y HEMIEPEPBHOMY TEXHOJIOTTYHOMY IMPOIIECI.

6.1. TexHosioriuHa cxema nepepoojeHHs NMoJiMiHepaIbHOI KaJIiiiHOI pyau 3

KOHBEPCi€ MiHepaJIiB i3 HATPIIO cyJab(paToM

[IpoBeneHrM aHaANTI30M ICHYIOYHX TEXHOJOTIA 1 CMOCOOIB MepepoOsieHHs
NOJIIMIHEPAJIbHUX KaTiHHUX Py Ha KaJdiMarHes3ito Ta Kaiito cyib(paT BCTAaHOBJIEHO,
IO MiJl Yac KpUCTami3alii HIeHITY 3 HACHYEHOTO PO3UMHY MICIs PO3UMHEHHS PYIU
B piAKid (a3l 3pocTae KOHIIEHTpAIlisl MarHito xyuopuay. Yepes 1ie gacTuny oro y
BUTJISAII HAJUIMIIIKOBOTO IIEHITOBOIO PO3YMHY MOTPIOHO BUBOJIUTU 3 IUKIY B
mpoliiec BUNaproBaHHA. lle cnpuunHsie 3Ha4HI TOAATKOBI BUTPATH HA €HEPrOHOCIT

Ta BUMaprOBaJIbHE 00JIa{HAHHSI.
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3anponoHoBaHa TEXHOJIOT 14, AKa nependavae nepepoOIeHHS
MOJIIMIHEPAJIbHOT KaNMHO1T pyAH Ha KajliMaruesito 6€3 yTBOPEHHS MarHilo XJIOpUIy
1, BIITMIOBIJIHO, HAJUIMIIIKOBOTO MIEHITOBOrO0 po3uvHy. CyTh TE€XHOJIOTIi MOJIATAE Y
BUPIBHIOBaHHI Y BUXI1JIHI{ TOJIMIHEpaJIbHINA Pyl €KBIBaJICHTHOTO CITiBBIIHOIICHHS
MK ioHamMu Hatpiro Ta ioramu Xiopy.

Jns Toro, mo0 y KOHBEPTOBaHIM CyMIIli HE 3aJuIIajioch BIJIBHOIO
PO3UMHHOTO MarHilo cynb(dary, BUXiIHA pyJa, SKYy MOAAIOTh HAa 3MiIIyBaHHS,
MOBUHHA MICTUTH Kalil0o XJOpWJA 1 PO3YMHHUM MarHiro cynbhar y
CTEXIOMETPUYHOMY  CHIBBIJHOILIEHHI. BiAMOBIIHO  perymiiol0Th  KUIBKICTH
OPUPOAHOrO MIpaOuLITy, SKWAKA MOJAIOTh HA 3MIIIYBaHHSA pyAH Tepen
KOHBEPTYBaHHSM Ha CKJIal Micis il BUAOOYBaHHS 13 PI3HUX Kamep 1 MoApiOHEHHS.
[Ticnst pOro ii 3BOJIOKYIOTH 3aCOJEHMMM BOJAMH 13 TEXHOJOTTYHOrO MPOLECy 1
yKJIaJaloTh B OypTax s MPOTIKAHHS KOHBEpcii 1 Tiaparamii JaHTOeHHITY 1
Kizeputy. YacTuHa BOAM ApPEHYyeE 13 BOJIOrOi CyMilli B OypTi, TOMY ii MOTpiOHO
neploMyHo  mepemimryBath. A 1e noTpedye JOJAaTKOBUX  3arpaT Ha
nepeMillyBaHHs, U0 HEAOUIbHO. TOMy 3BOJIOKEHY CyMIIl YKJIaJalTh y OypTu
nomapoBo. Bosora 13 BepXHBOro mapy NpOCOYYEThCS HA HMDKHIM 1ap, A€ BOJAA
BXK€ 3B’f3aJaCh Yy KpHUCTaJOTriapaT 1 TaKUM YHWHOM 3a0e3MeuyeThbcsl MOCTiHHA
BoJioricTh cymimni B Oyprax. Ilicms 11 3aBepiieHHS YTBOPIOETHCS CYMIII
JIETKOPO3YMHHUX WIEHITY 1 ramTy. 3a HeIOCTaTHhOI BOJIOTM pearyroya Maca
3arBep/iBae. [l 3MEHIIEHHS TBEPJOCTI MPOpPEaroBaHOi Mach CBIKY BOJIOTY
CyMIlll YKJaJat0Th TOHKUM ILIApOM IO BCii moBepxH1 OypTty. Ilicns 3aBepiueHHs
yKJIaJlaHHs OJHOTO IIapy paHilie 3akjaJieHa CyMIll YacTKOBO TykaBie. Tomy
HOBUUM IIAap BOJIOTOi CyMINI CHiJ yKJIaJaTh Ha BXKe 3aTyKaBlry Macy. 3aiiBa
BOJIOTa 3 HEl MPOCOYYEThCSd HAa HUXKHIA MAp 1 TaKUM YUHOM 3a0e3MeuyeThCs
MOCTIfHE MIATPUMAHHS BOJIOTOCTI KOHBEpPTOBaHOi cymimi B Oypti. Jlus
MPUTOTYBaHHS CYMIIlll TOTPIOHO BHUKOPUCTOBYBATH MIMITPITUN COTBLOBUN PO3YUH
abo BOJy, 0COONMBO B XOJoaHWM mepion. Ilpoiiec koHBepcii JIaHrOeHHITY, B
XOJIOMHUM Tepiof, CHOBUIbHIOETHCS. lle moTpiOHO BpaxoByBaTH y IUJIaHyBaHHI

3amaciB CUPOBUHH, Tpadiky poOOTH BUPOOHMIITBA. Y BUMNAAKY IIJBUIICHHS
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TeMrepaTypd B CEpeloBUINl OypTy, IO MOXKJIMBO Yy IIOYaTKOBOMY Mepioji
KOHBEPCii, JOLUIFHO 3MIHIOBATH IUIONLY HOTO MOBEPXHI.

KonBepToBaHy TakuM YHHOM BUXIJIHY CHPOBHUHY TOJPIOHIOIOTH 1
HANpPaBIIIIOTh HAa PO3UYMHEHHS B HArpiTOMYy 3BOPOTHOMY HICHITOBOMY PO3YMHI.
[IleHiT KOHBEPTOBAHOI pPyAM HAJEKUTh O JIETKOPO3UMHHUX MiHEpamiB 1
PO3UMHSIETBCA IIBHJAIIE, HDK KaiHiT. KaiHiT mojiMiHepaibHOI pyau  sIK
JIETKOPO3UMHHUN MiHEpal MIBUAIIE, HIXK JIAHMOCWHIT, KOHBEPTYE 13 HATPIIO
cylibdaroM y meHiT. HacuueHuit po34nH BiIJIUIAIOTH BiJl HEPO3YMHEHOTO TaiTYy,
OCBITJIIOIOTH BiJl TIMHUCTUX JAOMIIIOK 1 OXOJOKYIOTh AJISl KpUCTali3alii MIeHITY.
OcTanH1i QUIBTPYIOTH 1 BUCYIIYIOTh 3 OAEPKaHHAM MPOAYKIIHHOI KaJliMarHesii, a
pPO34MH, Yy SKOMY KOHIEHTpAllis MarHilo XJOPHUIY 3aJUIIA€TbCA MOCTIHHOIO,
HarpiBalOTh 1 MOBEPTAIOTh HAa PO3YMHEHHS BUXIJHOI KOHBEPTOBAHOI 13 HATPIIO
Cynb(aToM CUpPOBUHH. Y PE3yNbTaTi IbOTO BiAMNaaa€e HEOOXITHICTh BUMTAPIOBAHHS
IICHITOBOTO PO3YMHY 1 3HAYHO CHPOLIYETHCS TEXHOJIOTiSI MepepoOsIeHHs
MOJIIMIHEPATIbHOT CUPOBUHU. Hepo3unMHEeHUH ramiT 1 IIIMHUCTUN MYyJl HAaPaBIsOTh
Ha 3aII0BHEHHS BIANPAIlbOBAHUX IIaXTHUX BUPOOOK.

Jlnst koHBepcii MOMIMIHEPATIbHOT Pyaud MOXe OyTH BHUKOPUCTAHUN HATPIIO
cyiabdaT 3 JOHHHUX COJISTHUX BiAKIaAeHbh KPUMCHKHUX COJITHUX 03€p, COJISTHUX 03€p
Cepen3eMHOMOPCHKOTO  MOOEpexkkss ad0 CymyTHIM TPOAYKT BHPOOHUIITB
OpraHIYHOTO CHUHTE3Yy. SKICTh HOro HE Mae CyTTEBOIO 3HAYCHHS, OCKLUIbKHU
JOMIIIKK TajiTy Ta IHIIMX HEKATIWHUX MIHEpaliB y TMPOIECI PO3YUHEHHS
3aIMIIATBC B HEPO3UMHEHOMY BHUIVISIAL 1 pa3oM 13 TBEPAHMM 3aJUIIKOM IICIS
PO34YMHEHHS pyAu OyAyTh BIAJIEHI K BIIX11 BUPOOHUIITBA.

OyHKIIIOHAIbHA CcXeMa TepepoOSIeHHsT TOJIMIHEPAbHOT KaliiiHO-MarHi€Boi
pyIu HaBeeHa Ha PUCYHKY 6.1.

Buxigny pyny moapiOHIOIOTH A0 YacTHMHOK po3MmipoMm MeHie 3-5 mm (1),
3MINIYIOTh 13 MPUPOTHUM MipabiaiToM (2) 1 J0OABISAIOTH PO3PaXyHKOBY KUIBKICTD
TEXHIYHOI a00 MPOMUBHOI BOJIM YU COJILOBOI'O pO3uMHYy. BUXiHY py1y 3 BUCOKUM
BMICTOM TJIMHUCTHX JOMIIIOK TMepeJ 3MIINIyBaHHSIM MOKHa KOHTaKTyBaTH 3

HarpoMa/KCHUMHN KOHLICHTPOBAHUMHA PO3YHMHAMHU 3 XBOCTOCXOBHUII] a0o maxr.
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Puc. 6.1. ®yHkiioHaIbHA cXeMa 3 MaTepialbHUMU TOTOKAMU MepepOOJICHHS

NOJIIMIHEPANIbHOT KaJliHOT pyau
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['MUHUCTI JOMINIKK Pyaud TEpexoasTh y 3aBillleHud cTaH. Po3uuH 13
TJIMHUCTUMU JOMIIIKaMU JIEKaHTYIOTh 1 MOBEPTAIOTh Y IIAXTY YM XBOCTOCXOBHUIIIE,
a pyany GUIBTPYIOTH 1 MOJIaI0Th HA 3MilTyBaHHsS. KiJIbKICTh MPpUPOTHOTO MipaOUIITY
BU3HAYAIOTH 13 CTEXIOMETPUYHOTO CIIBBITHOIIEHHS 10 KITBKOCTI KaNiI0 XJIOPUIY B
CIIIbBIHI Ta KaiHiTi. KiTpKicTh BOAM J03YIOTh TaKUM YHWHOM, IOO CyMimI
3ajMIIanacs BOJIOTOI0 YIPOJOBXK YChOTO MEPioly KOHBEPCii, OCKUIbKU peaKiiis
nepedirae B MDKKPUCTAIIYHOMY PO3YHHI. 3BOJIOKEHY CyMIIll 7Sl Tepediry peakiii
KoHBepcii (3) ckianyroTh y Oyptu moimrapoBo. [lo mipi 3B’s3yBaHHS BOJM Ha
HIDKHIX IIapax 3aiiBa BOJA 3 BEPXHBOTO IIapy MPOCOUYEThCA HA HIDKHIN, /e BoJa
BXKE€ YBIMIIIA O CKJIaay WIEHITY, 1 pearyroya maca MOCTIHHO 3aJIMIIAETHCS
Bosiororo. Yepe3 10 — 20 i ckiagyBaHHS BOJIOTOi CyMilli B OypTi MPUIUHSIOTH,
nepexoAsaTh 10 (OpMyBaHHS HACTYIMHOIO OypTy, a CyMill Ha MONEPEIHbOMY OypTI
3aIIMIIAETHCS IS 3aBepIlleHHs peakiii kousepcii. [licns nporo ¢hopmyroTh TpeTii
OypT, a mepmuid po3poOJISIOTH 3a JOMOMOTOK TipHHYOro KombOaiiHa. Ilicims
nepepoOJICHHsI pyAu Mepuioro OypTy 1 3aBeplieHHs (OpMyBaHHS TPETHOTO HOBUM
OypT 3aKyIalaloTh Ha MICIl MEPIIOro, a po3poOisTH MOYMHAIOTH APYTUMA 1 T. II.
KinbkicTe pyam B OAHOMY OypTi MOBHHHA 3a0€3NEYUTH MPOAYKTHBHICTH
KamiitHoro BupoOHunTa Ha 10-20 1i6.

[ToapiOHeny pymy micis TIpHAYOTO KOMOaiHa MOJaloTh JUisl po3uyuHeHHs (4)
B TOPU3OHTAIILHUNA KOPUTOMOMAIOHMM po3umHioBay. llpouec po3unMHEHHS
BinOyBaeThcsi 3a Temmeparypu 343 K mporsrom 15 xB B omHoMy abo ABOX
anapatax. Hepo3uMHEHMI TalITOBUU 3aJMIIOK BIAAUIAIOTH (5) KOBIIOBUM
€JIEBATOPOM 1 MOJAIOTh HA CTPIUKOBUH PuUIbTp (6), 1€ QUIBTPYIOTh 3aJIHUILKOBHIMA
HACHYCHUN po34yrH. TBepAWi 3alMINOK HAMpaBIAIOTh y MIAXTHI BUPOOKHU, a
rapsuvii HaCUYEHWM PO3YMH TMOJIal0Th Ha OCBITIIeHHS (7), Kyau J100aBISIOThH
0,25 % po3uuH mOJiaKpuiIaMily A KOaryJlOBaHHS TJIUHUCTHX YaCTHHOK.
3rymieHnii TIIMHUCTUM MYJl HAMpaBlISIOTh Ha MPOTUTEUiiiHE mMpoMuBaHHSA (8)
npoMmBojgaMu 1 3rymeHHa (9). IlpomMuTuit 1 3ryumieHUd TIUHUCTUH MYyJ
BIJIPABJISIOTh Y BIANpPAIbOBaHI MIAXTHI MYCTOTH, a KOHIIEHTPOBAHY IMPOMBOIY

NOJAI0Th HAa 3MINIyBaHHS 13 IIEHITOBUM PO3YMHOM 1 HA PO3YMHEHHS
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KOHBepTOBaHO1 pyau (4). OCBITIEHUN HACUUCHHUM PO3YUH 3 TemIepaTypor 338 —
343 K HanpaBisioTh Ha IIECTHCTYNEHEBY BaKyyM-KpUCTAII3allliiHy yCTaHOBKY
(BKY). Ilicns mnepmoro xopmycy (10) 3 temmeparyporo 323 — 328 K
BUKPHUCTANI3yBaHUNM HATPIIO0 XJOPUI BIIAUIAIOTH 1 BUBOAATH 3 TMporecy. Y
yetBepTuii koprmyc BKY (11) mns kommeHcarii 3B’s3aHOi 13 pPO3YMHOM B
KpUCTAJIOTiApaT Boau a00aBistioTh 3 — 5 % Boau Bin Macu cycnensii. [lapa 3
octanHiX 1BoX kopmyciB BKY koHIeHCyeTbcs B MOBEPXHEBOMY TETIOOOMIHHUKY
0Xx0J10/KeHOo0 A0 Temnepatypu 278 — 280 K texniuHoro Bojoro. TemmepaTypa
IICHITOBOI CYyCMEH31l MICAs IIOCTOro CTymeHs craHoBuTh 293 — 295 K.
OxoJI0/pKEHy IIEHITOBY CYCIIEH31I0 HaIpaBlAlOTh Ha 3rymieHHs (12), 3ryiieHy
cycnensito GpuibTpyroTh (13) Ha dinpTpyroUiil eHTpudy3i, ocaa MIEHITY M01al0Th
CTPIYKOBUM TpaHcropTepoM Ha cyuriHHs (14). CymiHHS 341HCHIOIOTh TUMOBUMU
ra3aMu MicJisl 3rOPSIHHSI IPUPOJAHOTO Ta3y. Bucyiieny kainiMaraesito HampaBJIsitOTh
Ha 3araproBaHHs. [lleHiTOBMII pO3YMH MICiIS 3ryllyBaya IICHITY MOJAI0Th 4Yepe3
TEIJI0O0OMIHHUK Ha CTaJ1F0 PO3YMHEHHSI KOHBEPTOBAHOI PY/IH.

VY TeXHOJIOTIUHUN MPOIEC BBOJSATH BOJY Ha MPOMHUBAHHS TJIMHUCTOTO MYILY,
oOnajHaHHS, 3pOLICHHS aCHipalifHUX CHUCTEM, MPUTOTYBaHHSA PO3YHUHY
nomakpunaminy (ITAA). 3aiiBa Bojia BUBOJUTHCS 3 MPOLIECY 13 TIIMHUCTUM MYJIOM,
TaJiTOBUM 3QJIMIIKOM, 3 BOJIOTUM IIEHITOM Ha CTaJIl0 CYIIIHHS TPOJYKTYy, Ha
IPUTOTYBaHHS CyMillIl 1Jis1 KOHBepCIi 1 po30aBieHHs po3unny [TAA.

Ha ocHoB1 (yHKIIIOHATBHOT CXeMH pO3po0JieHa amapaTypHO-TEXHOJIOTTYHA
cxema IMepepoOJIeHHs TOJIIMIHEpalbHOI KalidHOI pyAM Ha KajliMarHesiro, ska
HaBEJICHA Ha puc. 6.2.

[TomiminepanbHy KajiHy pyay Micias MOAPIOHEHHsS 10 PO3Mipy YaCTUHOK
MeHIie 3-5 MM TpaHcropTepoM | moaaroTh B nIHeK-3MinryBad 3. Croau HaIX0IUTh
TpaHCTIOPTEpPOM 2 J030BaHa KUIBKICTh MIpaOUITYy 1 JOOABIAIOTH PO3PAXYHKOBY
KUIBKICTh TPOMBOAM. Martepialii MepeMimyoTh 1 Cyminn TpaHcnopTepoMm 4
MoAaroTh IIapaMu Ha OypT S5a aJig MpOXOJKEeHHs KoHBepcii. Ilicis 3aBepiieHHs

yKiIanaHHsa OypTy Sa ykimanaiore OypT 50, a B OypTi 5a Bi1OyBaeThcsi KOHBEPCISL.



124

B baxyyrmy cucmemy 46\

ENNENEEERE

ILTTTTTTITT

50
/

Kanraenean
—0 o
—>

N7
[bimpa

5t

faz

Puc. 6.2. TexHosoriyHa cxema rnepepo0eHHs NOoJiIMIHEpaIbHOI KaliitHOT pyid 3 KOHBEPCIEI MIHEPAIB 13 HATPIIO
cynbdarom y mieHit: 1, 2, 4 — Tpancnoptep; 3 - MIHEK-3MilTyBay; 6 — ripHUYMil KoMOaiiH; 7 — eneBatop; 8, 9 —
posuuHioBay; 10, 17 — ctpiukoBuii Bakyym-buietp; 11, 18 — pecusep; 12, 15, 19, 21, 26, 29, 47, 53 — 6ak; 13, 16, 20, 22,
27,30,42, 45, 48, 54 — nacoc; 14 — BiacriitHuk; 23 — Hanipauit 6ak BKY; 24 — I kopnyc BKY; 28 — rigporukion; 31 — 11
kopnyc BKY; 33 — III kopniyc BKY; 35 — IV xopmyc BKY; 37 — V kopriyc BKY; 39 — VI kopnyc BKVY;41 — Gak-
rizposzaTtBop; 43 — 3ryuryBay; 44 — ropu3oHTaNIbHA MiIanka; 46 — neHrpudyra; 49, 52 — cTpiukOBUN TPaHCIIOPTED;

50 — cymmpHM 6apaban; 51 — mig; 55 — mifirpisad.
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[Ticns poro ykiamarTh OypT 5B, B OypTi 50 Bi10yBaeThCsi KOHBEPCIs, a OypT
5a 13 KOHBEpTOBAaHUMHU MiHEpaJIaMU TIPHUYUM KOMOAHHOM 6 3pi3aoTh 1 MOAAIOTH Y
npusiMOK esieBaTopa 7. EneBaropoM KOHBepTOBaHy pyay MOAAIOTh B Kackan 13
nBOX po3unHioBayiB &, 9. Ilicns mepmioro po3dynHiOBaYa 8 HEPO3UMHEHY PYIY
€JIEBATOPOM IOJAI0Th B APYTUi PO3UMHIOBAY 9. ['apsiunii po34uuH 111 PO3YNHEHHS
pyId TOAAIOTh B JAPYTUM PO3UYMHIOBAY, 13 SKOrO BIH MEpPETIKAE B MEPIIHid
pPO3UKHIOBaY, TOOTO pyZa 1 MIEHITOBUI PO3YUH PYXAOTHCS MK PO3UMHIOBAYaMU
npotuteyiino. Hepo3unmHeHu# radiToBUIl 3aJIMIIOK MICHIS JPYroro po3drMHIOBaya
€JIeBaTOpPOM TMO/AI0Th Ha CTpiukoBui BakyyM-¢uieTp 10. BindinerpoBanuit
TaJIITOBHM 3aJMIIOK TPAHCIOPTYIOTHh Y B BUPOOJIEHI IIaXTHI IIyCTOTH, a (iIbTpaT
yepes pecuBep 11 crikae B 6ak 12 1 HacocoM 13 mojaroTh B Ipyruit po3urHiOBay 9.

Hacuuenuii po3uuH 13 mepuioro po3uvHioBaia 8, 3a0pyJIHEHUN TJIMHUCTUM
MYJIOM, HAAXOAUTH y BiAcTiMHUK 14. Crogu ajs Koarymsiii IIMHUCTUX YaCTUHOK
noaaroTh 0,25 % po34yuH NmonakpuIaMiIy.

3ryleHuii MMHUCTUNM Ocaj, HaAXoauTh B Oak 15 13 Milanakorw, 13 SIKOi
HacocoM 16 iioro mnepekadyloTb Ha CTPIYKOBUM BakyyM-Quibtp 17 s
¢biunpTpyBaHHsa. BiadineTpoBaHuii ocaa TIMHUCTOTO MYy BIANPABISIOTH Y
BUPOOJICH] MIaXTHI MyCTOTU. DiIbTpaT MICHs CTPIYKOBOrO (PUIbTpa uepe3 pecuBep
18 maaxomuth y Oak 19, i3 skoro Hacocom 20 ¥oro moparTh y BiACTIHHUK 14.
OcBiTieHUI HACMYEHUI PO34uH 13 BiACTIiiHUKA 14 HagxomuTh y Oak 21, 13 AKoro
HacocoM 22 #oro mnoAalTh y HamipHuM Oak 23 BaKyyM-KpuCTai3amiiHOi
ycranoBkd (BKY). BKY cknamaerbest 13 1IecTH KOpPHIYCIB, KOXHHH 13 SIKHX
CKJIAJA€ThCsl 3 BEPTUKAJIBHOIO amaparta 1 LHUpKYJsUidHoro Hacoca. Ilapa 3
KoHOTO 3 KopryciB BKY KoHIEHCYeThCSI B MOBEPXHEBOMY TEIUIOOOMIHHUKY
BaKyyMHO1 cucTeMu. TermnooOMIHHUKHA OCTaHHIX JABOX KOPITYCIB OXOJOJKYIOTHCS
OXOJIO/KEHOIO B XOJIOUIbHUKAX 10 TeMiepaTypu 278 — 280 K Bomoro.

Cycnensis micis mepmoro koprmycy BKY 24 4yepe3 mepenuBHHIT 6adok
HAAXOIWTh B Oak 26 3 MIMAJKOIO, 13 Skoro ii Hacocom 27 TOJAKOTh B

TiApONMKIOH 28  anua  BIAAUIGHHS ~— KPUCTalIiB  HATPIIO  XJIOPHUAY.
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CycrieHsist HaTpito XJOpUIYy CTikae B 6ak 29 3 Milankoro, 13 SKOro HaCOCOM
30 1i mojaroTh B Apyruii po3urHioBad 9. BigaineHuii Big KpucTaniB pO34HH HATPIIO
XJIOpUY MICHs TiApouukiony 28 Haaxoauts y aApyruit kopmyc BKY 31. Cronu
nojnaotb 5 — 7 % BOAM BIO Macd pPO3YMHY JJIsi KOMIIGHCAIli 3B’s13aHOI B
KPUCTAJIOTIApAT MIeHITY BOAU. OXOJOHKEHHS PO3YHHY 3A1HCHIOETHCS MOCIIIOBHO
B apyromy 31, tpetbomy 33, uerBepTomMy 35, m’sastomy 37 1 moctomy 39 kKopmycax
BKY. Oxonomkena mieHiTOBa CycreHsis micis moctoro kopmycy BKY 39 3
temmnepatryporo 293 K dyepes mepenuBHHI 0adok cTikae B Oak-Tigpo3aTBop 41 3
MIIIAIKOI0. I3 HROTO CycmeH3iro HacocoM 42 MoAaroTh Ha 3rymryBad 43. 3ryiieHa
IIEHITOBA CYCIIEH31l BUBAHTAXKYETHCS B TOPU30HTAIbHY MilIanky 44, i3 sKoi
HacocoM 45 11 moJlal0Th Ha po3UIeHHS B QUIbTpyrody HeHTpudyry 46. OiabTpar
nicist HeHTpUQyTHU cTikae B 0ak 47 1 HacocoM 48 oro noAaroTh B 0aK-T1Ip03aTBOP
41 1 3 HBOTO Ha 3TYIIyBay MIEHITY JJIs YJIOBICHHS KPUCTAJIB MICHITY, SIKI POUIILITN
yepe3 GUIbTPYBAIBbHY MEPETOPOAKY HEHTPpUPyTH.

Ocap wieHiTy 3 HeHTpUuyru 46 BUBAHTAXKYIOTh HA CTPIUKOBUHN TPaHCIIOPTEP
49, kUM TOAIOTh Ha CYIIIHHS B CylIwibHUI Oapaban 50. CyuriHHs 311HCHIOIOTH
JMMOBUMH Ta3aMH TICJs ClialitoBaHHs B meul 51 mpupoanworo rasy. Bucyiiena
KaJIIMarHe3isi HaJXOJuTh HAa CTPIUKOBHUM TpaHcmopTep 52, sSKUM ii MOAAIOTh HA
3aTaprOBaHHS 1 CKJIaJl TOTOBOT MPOTYKIIIi.

Bigainenuit BiAg WICHITY MIEHITOBUM PO3UYMH TICHs 3ryllyBada IIeHITY 43
cTikae B 0ak 53 1 HacocoMm 54 depe3 migirpiBad 55 WOro MoJal0Th HA PO3ZYUHEHHS

KOHBEPTOBAHO1 PYJIH B IPYTHM pO3UMHIOBaY 9.

6.2. TexHiK0-eKOHOMIYHI PO3PaXyHKH TE€XHOJIOTII O/IeP/KAHHS
0e3XJIOPUIHOI0 KAJIIHHOI0 100pUBa CY/JIb(PATHOK KOHBEPCIEI0 KAJIINHO-
MAarHi€eBUX py.

Ha ocHOBI po3paxyHKiB MarepiaJbHUX OajaHCIiB BHKOHAHI TEXHIKO-
€KOHOMIYHI po3paxyHKku. L{iHy Ha pyay B3siu 3a JaHUMHU NPOEKTY BIAHOBIICHHS
BUpoOHMIITBA KamiHux no0puB Ha BAT «Opiana» 3a 2010 pik, miHy Ha

OPUPOAHUIN MipaOUTIT MPUPIBHSIM 10 iHK 3a motuid 2014 p. BunoOyBanus coi
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TEXHIYHOI CISHO1 3 JOCTaBKOw 13 ApTemiBchbka 10 Kamyiia, 1iHy Ha eHeproHocii
B3sUIM 32 JJAHUMH XIMIYHOTO TPOMHUCIIOBOTO MiANPUEMCTBA 3a JitoTuit 2014 p.
Cxian po3uuHiB 1 TBepAuX (a3 sl po3paxyHKy MarepiajbHuX OanaHciB,

OTPUMAHUX Yy PE3yJIbTATi JA0OPATOPHUX JAOCIIKEHb, HaBeJeH] y Tabm. 6.1.

Tabmuus 6.1 — Ckiang MarepiaJbHUX TIOTOKIB TEXHOJIOTiI TepepoOsieHHs

MOJIIMIHEPAIbHUX KaJIIWHUX Pyl HA KadiMarHes3iro

Hasga Maca, Ximiunwmii cknanu, % Mac.

T K* | Mg™ | ca® | Na* | CI' |SO, | H,0 | u:3

Pyna 100,0 | 8,40 | 5,03 | 1,32 | 11,00 20,41 | 28,69 | 6,03 | 19,12

Mipabiit 24,7 14,77 | 1,21 54,82
MIPUPOTHUI

Kounsepro- | 132,7 | 6,33 | 3,79 | 0,99 | 11,04 | 15,61 | 27,06 | 20,77 | 14,41
BaHa pyJa

["aniToBuit 70,6 | 0,67 | 2,10 | 1,59 | 20,34 | 28,73 | 16,51 | 16,38 | 13,68
3IIUIIOK

Imuauernit | 33,0 | 2,71 | 1,98 | 0,53 | 3,58 | 6,64 | 10,91 | 41,04 | 28,11

MyJI
MIPOMUTHUH
Hacwuennit | 205,5 | 5,81 | 3,79 | 0,02 | 3,35 | 12,29 | 12,52 | 62,22
pO34uH
HleniT 38,9 [18,33| 5,30 | 0,08 | 0,60 | 0,93 |45,02|29,74| O
Kanimaruesis | 29,2 | 24,36 | 7,58 | 0,10 | 0,73 | 1,21 | 59,82 | 6,20 0
MeniToBuit | 1556 | 3,28 | 3,14 | 0,01 | 3,85 [ 14,71 | 4,59 | 7042 O

pO3UuH

* BMICT MOKMBHHX PEUOBHH 1 JAOMIIIOK y Kamimaruesii, % mac.: KO — 29,35;
MgO — 12,57; SO,* -59,82; CI' —1,21. Cyma mOXHBHHX pedoBuH, % mac.: KO
+ MgO + S = 61,86. Butar Kamniro i3 pyau B kanmimMaraesito cTaHoBUTh 84,6%.

Pesynbratu po3paxyHkiB HaBeneH1 B Ta0m. 6.2.

UacTka maTepiaibHUX 1 EHEePreTUYHUX BHUTPAT Yy COOIBAPTOCTI XIMIYHOI
npoaykili cranoButh 60 — 70 %. Toai co6iBapTiCTh KajiMarHes3ii CTAHOBUTHUME
1433,94:0,6 = 2389,90 rpu 6e3 I1/IB 1 2867,88 rpu 3 [1/IB. PunkoBa miHa 1 ToHHH

KaJliMarHes3ii HerpanysiboBaHoi B Ykpaini cranoButh 6000 rpH (3 I1/IB).
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Tabmus 6.2 — Tabnuus MarepiaibHUX Ta €HEPreTMYHMX BUTpaT Ha 1 T
KaJliMaruesii
Ha3ssa crarri Butpatana l v | Llina ogunwMIl, TpH BaprictbHa 1 T
BUTpAT KaJliMarsesii (6e3 I1/1B) KaJriMarsesii
Pyna 3425 T 120 411,00
Mipabimit 0,846 T 527 445,84
IIPUPOJTHUHM 3
JIOCTABKOIO
["a3 npupoaHuit 35,3 M 3450,26 :;,a ITHc. 121,79
M
[Tapa 0,445 I'kan 523,03a 1 I'kan 232,74
OX010/IKEHHA Y 0,106 I'kan 1046 3a 1 I'kan 110,88
BKY
Bona npomucnona 40 M° 2,79233a 1 M 111,69
Pazom 1433,94

[IpubyTok Bix Bunmycky 1 T kamimardesii craHoButume 3132,12 rpH, a
peHTabenbHICTh npoaykiii — 109,2%. Skino npuidHATH 3a aHAJOTIEI0 3 1HIIUMHU
BUPOOHMIITBAMU OOCAr KalliTaJbHUX BUTPAT HA CTBOPEHHS BUPOOHUIITBA
KaJlIMarHe3ii MoTyXHICTIO 1| MJIH T pyau B pik piBHUM 2,0 MJIpJ. TPH., TO TEPMIH

OKYITHOCTI KamiTaJbHUX BKJIaJCHb CTAHOBUTUME:

2-10°-3,425
1-10°-3132,22

= 2,2 poxu

OTxe, TEXHOJIOTIS TepepoOIeHHS TOJIIMIHEPabHOT KalIHHO-MarHi€Boi pyau
XJIOPUAHO-CYJIb(PATHOTO TUITY 3 KOHBEPCIEID MIHEPAJIiB 13 MPUBO3HUM MIpabLIiTOM
y HIEHIT J1a€ 3MOT'y OTPUMATH OE3XJIOPUIHY KaJiMarHesito 31 CTYIEHEM BUTYUYEHHSI
Kaniro 3 pynu B 1o6puBo 84,6 % 6e3 yTBOpEHHS HAJTMIITKOBUX MarHIAXJIOPUIHUX
PO34YMHIB 1 HEOOXITHOCTI iX BHUMNAPIOBAaHHSA 1 BUKOPUCTAHHS JOPOTMX BaKyyM-
BUMAPHUX  amapaTiB Ta EHEProHociiB. BupoOHUIITBO  Kamimaruesii €
BUCOKOPEHTA0CIbHUM 1 XapaKTepU3Y€EThCA BHUCOKMUMH TEXHIKO-C€KOHOMIYHUMU

ITIOKa3HUKaMH.
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Pe3ynpTaTu TEOPETHMUHHMX 1  EKCIIEPUMEHTAIbHUX JOCHIJKEHb, a TaKOX
BUKOHAHUX MaTepialbHUX, CHEPreTHUYHUX 1 TEXHIKO-€KOHOMIUHUX PO3PaxXyHKIB
JAI0Th 3MOTY 3pOOUTH TaKi BUCHOBKHU:

- TEXHOJIOTisI TepepoONeHHS MOJIMIHEpaIbHOI KalllHO-MAarHi€Boi pyau
XJIOPUTHO-CYNIb()ATHOTO TUIY 3 KOHBEPCIEIO MIHEPAJIiB 13 MPUBO3HUM MipaliIiTOM
y HIEHIT J1a€ 3MOT'y OTPUMATH OE3XJIOPUJIHY KaJliMarHesito 31 CTYIEHEM BUITYUYEHHS
Kamiro 3 pynu B mobpuBo 84,6 % 0e3 yTBOPEHHS HAJUIMIIKOBHX IICHITOBHX
PO3UYHHIB 1 HEOOXIAHOCTI X BHUITAPIOBAHHS 1 BUKOPHCTaHHS JOPOTHX BaKyyM-
BUIIAPHUX alapatiB Ta eHEPrOHOCIIB;

- co0iBapTicTh KaniMarHesii ctaHoButume 2389,90 rpu  6e3 I1JIB 1 2867,88
rpa 3 [1/IB. PunkoBa miHa 1 TOHHM KajiMarHesii HETpaHyJbLOBaHOI B YKpaiHi
ctaHoBuTh 6000 rpH (3 I1IB). IIpubyTok BiJ BUIyCKY KaliMarHes3ii CTAHOBUTHUME
3132,12 rpH, a penTabenbHIicTh mpoaykiii — 109,2 %, a TepMmiH OKYIHOCTI
KamiTaJbHUX BKJIaJACHBb — 2,2 POKHU.

OCHOBHI pe3yJIbTaTH IIOT'0 PO3JILIY OIMyOJIiKOBaHO B mparsx [182, 184].
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BUCHOBKH

BHacniiok BUKOHaHHSI JUCEPTaIiiiHOI poOOTH BUPIIIEHO BAXKIMBE HAYKOBO-
TEXHIUHE 3aBJaHHS, SIKE MOJISATae y po3poOICHHI HOBOTO TEXHOJIOTIYHOTO MPOIECY
ollepKaHHS OE3XJIOPHIHOTO KaIWHHOTO J00puBa Cyldb()aTHOI KOHBEPCIEIO
BOKKOPO3YMHHUX CYIb(GATHUX Ta JIETKOPOIUMHHUX XJIOPUIHUX KalTlMHUX Ta
KaJIIHHO-MarHi€BUX MiHEPaJIiB.

1. Ichyroul TexHoJorii mepepoOIeHHs MOJIMIHEPATbHUX KATIMHUX PYIT
MalOTh CyTTEBI HEIIOJIKH, 3yMOBJICHI HU3bKUM BHUTSITOM KOPHUCHUX KOMITOHEHTIB,
BEJIMKUM OOCSTrOM BIJIXOJIB, EHEPrOBUTPATHICTIO, OAECPKAHHAM JOOPUB HU3BKOI
aKkocTi. JIOCSATHYTH ICTOTHOTO TIOKpAIleHHS TEXHOJIOTIYHUX Ta TEXHIKO-
€KOHOMIYHMX MMOKAa3HUKIB BUPOOHUIITBA OE3XJIOPUIHUX KATIMHUX JOOPUB MOXKHA 3
BUKOPUCTAHHSAM KOHBEPCIMHUX MPOIIECIB.

2. Peakiiiss koHBepcii 3BOJIOKEHOTO JAHTOCWHITY B IIEHIT 3 HATPIIO
CyJb(paToM 1 KaJlil0 XJOPUIOM BiIOYBA€THCS 3 BUAUICHHSM OLIBIIOT KUIBKOCTI
TEIUIOTH, HDK 0€3 HhOTO, TOMY IO KPUCTAJOTiApaT HATpit0 Cynb(pary CIpHUsE
nepeoiry i€l peaxiiii.

3. PesynbraTu peHTreHo(a3oBOro aHaiizy IOKa3aau, II0 KOHBEpPCis
MOJIIMIHEPANIbHOT ~ KaMIMHOI pyau 3 KPHUCTAIOTiIpaTOM HaTpito  Ccyibdary
NPU3BOJUTh 1O YTBOPEHHS CyMilll, fiKa MICTUTh JIETKOPO3YMHHI CYJb(paTHI
MIHEpaJH 1 HATP1IO XJIOPHU, 03 YTBOPEHHS 1HIIHMX MOABIHHUX COJIEH.

4, CryniHp KOHBEpCIi 3BOJIOKEHOTO JTAHTOCWHITY 3 HATPitO Cyab(haToM 1
KaJIIF0 XJIOPUJIOM Y IIIEHIT 3pocTae 3 yacoMm. HaiiBulie Horo 3HaueHHs JOCSITAEThCS
3a temnepatyp 303 — 323K. Jlng gyacTHHOK JaHTOCHHITY 3 po3MipoM 3 — 5 MM
MPOIIEC KOHBEPCIi 3aBEPIIYEThCA MPAKTUYHO MPOTAToM 5 — 10 m16. 3MEeHIICHHIM
pPO3MIpy YaCTHHOK JIAHTOSHHITY 1e¥ Mepio MOKHA CKOPOTHUTH.

S. Enepris aktuBamii mpoliecy KOHBEpCii 3BOJIOKEHOTO JIAHTOCHHITY
HATPIIO CyJIb(PaToM 1 KaJilo XJOPUAOM CTaHOBUTH 22 — 23 kJI>k/MOJb, a OPSAI0K
peakuii nepeOyBae B mexax 0,18 — 0,22. Ilponec BigOyBaeThcs y audysiitHii,

OJIM3bKiHM 70 TIepeXiIHOT 001aCTi.
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6. VY cepedoBuIlll MIEHITOBOTO PO3YMHY 3a ydacTi HATpito Cyibdary 1
KaJiio XJOpUAY KOHBEpCis JaHrOeiHITY BIJOYyBa€ThCs IHTEHCHBHINIE HIX 0e€3
HaTpio cyibdary.

7. Jlis pO3YMHEHHA KOHBEPTOBAHOI B MIEHIT pPYAH JOIIBHOIO €
Temmneparypa poszunHeHHs Onm3bko 343 K, 3a saxoi gocsraerbcs HaOimbIe
HACHYECHHS PO3UMHY.

8. Jlnst peamzariii  po3poOJEHOTO  TEXHOJOTIYHOTO  MPOIECYy B
MIPOMUCIIOBUX YMOBAX JIOIIJIBLHO 3MIIIYBATH MIPaOLIIT 3 MOAPIOHEHOIO 10 PO3MIPY
MeHIIIe 3 — 5 MM 1 3BOJIOKEHOIO MOMIMIHEpaIbHOIO pynoto. [licis BUTpuMyBaHHS y
Oyprax mpotsirom 10 — 20 116 3a Temmeparypu AOBKLUIS XJIOPHUIIHI KadiiiHI Ta
KaJIIHHO-MarHieBl MIHEpAJId PYIUd KOHBEPTYIOTh Y JIETKOPO3IUMHHHUM IIEHIT 1
HATpPIlO0 XJIOpPUJ, @ BaKKOPO3UMHHI JAHTOEWHIT Ta KI3EPUT T1IPaTYIOThCS [0
meHiTy. Burpara mipabinity ctaHoBUTH 6s13bK0 20 — 25 % Bix Macu py/iu.

Q. Po3pobnena TexHonoriss mnepepoOsieHHs KaJiiHO-Mar”ieBoi pyau
XJIOPUAHO-CYJIb(ATHOTO TUIY 3 KOHBEPCIEID MIHEPAJIB 13 MPUBO3ZHUM MIpaOLIITOM
y HICHIT Ja€ 3MOTY OTpUMATH O€3XJIOPUJIHY KaJiMarHe3iro 31 CTYIeHEM BUITYyYEHHS

Kanito 3 pyau B no6puBo 84,6 % 0e3 yTBOpEHHs BIIXIAHUX PO3YMHIB MarHito

XJIOpUTY.
10. BigxomaMu TeXHOJIOTIT € HEPO3UMHEHUH TaTITOBUN 3aIUIIOK, TIPOTYKT
KOHBEpCli — HaTpil0 XJOPHJA, a TaKOX TJIMHUCTUH MyJ, SKI TpaJuLIiHO

HAIpaBJISIOTh HA 3allOBHEHHS BIJMPAIlbOBAHWUX IIIAXTHUX IMYCTOT, IO POOUTH
BUPOOHUIITBO 0E3XJIOPUAHUX TOOPUB €KOJIOTTYHO OE3MEYHUM.

11. TexHONOrYHUN TMpolec € BHCOKOCPEKTUBHHUM 1 E€KOHOMIYHO
JTOIIILHUM. 3a PpO3pOOJICHOK TEXHOJOTIE€ cobOiBapTicTh 1 T KajmiMaruesii
craHoBUTh 2867,88 rpH. 3 IIJIB a punkoBa 1iHa | TOHHM KaJiMarHesii
HerpanynboBaHoi B Ykpaini — 6000 rpH. (3 [1/IB). PentabenbHicTh mpomykilii

cranoButh 109,2 %.
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Honatox A

Tabmums A.1 — Pe3ynbpTaTu AOCHIDKEHHS Mpoliecy KOHBepcii HaTpiid cynbdary, Kajailo XJOpUAYy 1 MarHiio XJOpuay B
CepeJOBUII IIEHITOBOTO PO3unHY 3a TemnepaTtypu 323K

Yac, xB Cknag pinkux ¢asz, mac. %
K* Mg ca”™ Na* CI S0~ H,O
10 2,27 4,42 0,05 4,15 14,02 10,04 65,05
20 2,26 4,41 0,10 4,07 13,43 10,76 64,97
30 2,27 4,37 0,08 4,10 13,12 11,04 65,02
MICJIS TOAABaHHS KaJllI0 XJIOPUAY
40 5,37 4,18 0,08 3,35 14,95 10,06 62,01
50 5,47 3,85 0,05 3,35 16,56 6,62 64,10
60 5,39 3,84 0,05 3,21 16,79 5,89 64,83
Cknan TBepaux ¢asz, mac. %
10 0,03 0,49 0,03 33,82 35,29 24,90 5,44
20 0,22 0,86 0,02 32,03 40,92 15,22 10,73
30 0,24 1,37 0,03 28,94 41,98 9,39 18,05
MICTISL JOJJaBaHHS KATII0 XJIOPHUIY
40 21,91 1,33 0,02 16,54 42,45 9,29 8,46
50 15,45 3,56 0,02 11,79 26,11 22,37 20,70
60 15,38 3,82 0,03 11,01 24,35 24,08 21,33
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Tabmums A.2 — PesynbraTu JOCHIIKEHHS TIPOIECY KOHBEpCii HATpilo cyibdary, Kallilo XJIOpUAY 1 MarHilo XJIOpUIy B
CepeOBUII IIEHITOBOT'O PO3UnHY 3a TemnepaTypu 333 K

Yac, xB Cxnan pigkux ¢as, mac. %
K* Mg~ Ca”™ Na* CI S0~ H,O
10 2,35 4,36 0,05 4,36 13,85 10,59 64,44
20 2,36 4,37 0,07 4,45 13,52 11,32 63,09
30 2,34 4,33 0,04 4,55 13,42 11,41 63,91
MICJIS TOAABaHHS KaJllI0 XJIOPUAY
40 6,12 3,85 0,05 3,66 15,76 9,17 61,39
50 6,31 3,78 0,11 3,41 17,49 6,39 62,51
60 5,94 3,78 0,06 3,37 17,27 6,03 63,55
Cknan TBepaux ¢asz, mac. %
10 0,66 0,49 0,08 35,49 36,60 23,44 0,24
20 0,83 0,49 0,05 35,63 52,14 6,89 3,97
30 0,27 0,43 0,10 35,96 54,61 3,44 5,19
MICTISl JOJJaBaHHS KATII0 XJIOPHIY
40 16,35 2,53 0,22 14,57 32,88 16,52 16,93
50 14,80 3,70 0,09 12,66 25,12 25,44 18,19
60 14,51 3,74 0,13 10,97 23,40 24,15 23,10
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Tabmumss A.3 — PesynbraTu JOCIIKEHHS TIPOIECY KOHBEpCii HATpilo cyibdary, Kallilo XJIOpUAY 1 MarHilo XJIOpUIy B
CepeOBUII IIEHITOBOIO PO3YMHY 3a TemnepaTtypu 343K

Yac, xB Cxnan pigkux ¢as, mac. %
K* Mg~ Ca”™ Na* CI S0~ H,O
10 2,41 4,26 0,16 4,47 13,55 11,17 63,98
20 2,33 4,30 0,16 4,49 13,52 11,31 63,89
30 2,43 4,28 0,18 4,52 13,56 11,41 63,62
MICJIS TOAABaHHS KaJllI0 XJIOPUAY
40 6,58 3,94 0,26 3,35 15,48 10,30 60,09
50 6,58 3,63 0,38 3,38 17,35 6,91 61,77
60 6,57 3,82 0,40 3,00 17,51 6,68 62,02
Cknan TBepaux ¢asz, mac. %
10 0,80 1,46 0,020 27,85 41,28 9,52 18,89
20 0,22 0,30 0,50 36,40 54,66 4,67 3,25
30 0,13 0,55 0,13 35,90 55,75 2,12 5,42
MICTISL JOJJaBaHHS K0 XJIOPHIY
40 16,17 1,18 0,28 1,19 14,73 7,21 59,24
50 12,47 3,66 0,12 2,54 8,29 24,16 48,76
60 10,46 3,70 0,15 0,86 7,43 19,56 57,83
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Tabmumss A.4 — PesynbraTu JOCIIKEHHS TIPOIECY KOHBEpCii HATpilo cyibdary, Kallilo XJIOpUAY 1 MarHilo XJIOpUIy B
CepeIOBHIIII ICHITOBOTO PO34HHY 3a Temnepatypu 353K

Yac, xB Cxuman pigkux ¢as, mac. %
K* Mg~ Ca”™ Na* Cr S0~ H,O
10 2,25 4,36 0,05 4,80 13,94 11,28 63,32
20 2,28 4,32 0,04 4,63 13,54 11,32 63,87
30 2,21 4,34 0,04 4,68 13,56 11,38 63,79
MICJIS TOAaBaHHS KaJlI0 XJIOPUAY
40 7,19 4,15 0,05 3,13 15,83 10,44 59,21
50 6,61 4,03 0,05 3,75 15,91 10,44 59,21
60 6,99 3,95 0,05 3,59 16,56 9,40 59,46
Cknan TBepaux ¢asz, mac. %
10 - 1,17 0,20 31,44 47,20 6,86 13,13
20 0,20 0,59 0,14 36,20 56,15 2,49 4,23
30 0,1 0,58 0,16 36,43 56,94 1,81 4,98
MICTISl JOJJaBaHHS KATII0 XJIOPHIY
40 0,35 0,59 0,11 35,39 55,62 1,64 6,30
50 1,52 0,72 0,08 33,17 52,77 2,73 9,01
60 0,44 2,62 0,20 26,80 37,83 16,12 15,99
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Tabmuis b.1 — 3anexHicTh ckiIany piakux (a3 mcis po3unHEHHs MPOIYKTIB KOHBEPCIi 1 CTyIeHs! KOHBEPCii JTaHTOeHHITY (o) Bif
TPUBAJIOCTI Mpoliecy 3a Temneparypu 273 K

Yac
Yac, ron. | po34MHEHHS, Cknan pinkux ¢asz, mac. %

XB. o, %
K* Mg Ca™ Na* CI SO, H,O

0 10 2,20 0,19 0,01 1,40 1,97 3,71 90,52 17,64
15 3,07 0,25 0,01 0,91 1,97 3,99 89,80

24 10 2,59 0,35 0,01 1,08 1,81 4,40 89,77 12,32
15 2,79 0,40 0,01 1,04 1,84 4,69 89,24

48 10 2,68 0,36 0,01 1,12 1,89 4,52 89,43 15,33
15 30,3 0,46 0,01 1,28 2,11 5,39 87,72

72 10 2,46 0,37 0,02 1,24 1,75 4,74 89,42 14,79
15 2,59 0,43 0,02 1,25 1,85 5,06 88,80

120 10 2,65 0,38 0,01 1,26 1,94 4,80 88,96 15,16
15 2,79 0,44 0,01 1,15 1,91 5,01 88,70

168 10 2,63 0,41 0,02 1,12 1,80 4,82 89,19 17,16
15 2,73 0,45 0,02 1,03 1,74 4,97 89,07

240 10 2,83 0,42 0,01 1,02 1,79 4,88 89,04 20,07
15 2,70 0,51 0,01 1,04 1,81 5,08 88,85

360 10 2,69 0,49 0,01 1,07 1,81 5,04 88,89 23,03
15 2,81 0,52 0,01 1,05 1,81 5,27 88,53

480 10 2,83 0,52 0,01 1,07 1,83 5,33 88,41 25,95
15 2,99 0,55 0,01 1,07 1,83 5,64 87,91
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Honatok b

Tabmuis b.2 — 3anexHicTh ckiaxy piakux (a3 mcis po3unHEHHS MPOAYKTIB KOHBEPCIi 1 CTyneHs KOHBepcii TaHTOeHHITY (o) Big
TPUBAJIOCTI Mpoliecy 3a Temnepatypu 293 K

Yac
Yac, ron. | po34MHEHHS, Cknan pinkux ¢asz, mac. %

XB. o, %
K* Mg Ca™ Na* CI SO, H,0

0 10 2,20 0,19 0,01 1,40 1,97 3,71 90,52 17,64
15 3,07 0,25 0,01 0,91 1,97 3,99 89,80

24 10 2,62 0,35 0,01 1,23 1,85 4,66 89,29 13,25
15 2,60 0,41 0,01 1,21 1,84 4,85 89,09

48 10 2,64 0,40 0,01 1,19 1,87 4,77 89,13 16,07
15 2,64 0,44 0,01 1,25 1,84 5,12 88,71

72 10 2,63 0,41 0,01 1,25 1,87 4,93 88,91 17,84
15 2,71 0,47 0,01 1,09 1,90 4,90 88,93

120 10 2,91 0,46 0,01 1,19 1,94 5,25 88,25 21,47
15 2,90 0,51 0,01 1,26 1,93 5,59 87,81

168 10 2,44 0,47 0,01 1,50 1,98 5,35 88,23 21,95
15 2,87 0,51 0,01 1,31 1,98 5,64 87,67

240 10 3,03 0,52 0,01 1,31 2,01 5,80 87,32 24,73
15 2,96 0,52 0,01 1,19 1,90 5,61 87,82

360 10 2,77 0,50 0,01 1,35 1,95 5,55 87,88 24,77
15 2,91 0,54 0,01 1,25 1,90 5,74 87,66

480 10 2,96 0,54 0,01 1,19 1,83 5,77 87,71 28,6
15 3,07 0,59 0,01 1,18 1,91 5,99 87,26
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Tabmuus b.3 — 3anexHictsb ckaagy piakux (a3 micias po3UMHEHHs MPOAYKTIB KOHBEPCIi 1 CTyNeHsl KOHBEpCli JaHTOSHHITY (o) B
TpUBAJIOCTI Mpoiiecy 3a Temnepatypu 303 K

Yac
Yac, roa. | po3uMHEHHS, Cknag pinkux ¢asz, mac. %

XB. o, %
K* Mg~ Ca”™ Na* CI SO~ H,O

0 10 2,20 0,19 0,01 1,40 1,97 3,71 90,52 17,64
15 3,07 0,25 0,01 0,91 1,97 3,99 89,80

24 10 2,16 0,42 0,01 0,13 1,91 4,83 88,95 17,89
15 2,86 0,46 0,01 0,16 1,95 5,13 88,44

48 10 2,83 0,47 0,01 1,07 1,90 4,99 88,72 21,69
15 2,86 0,50 0,01 1,11 1,93 5,24 88,35

72 10 2,81 0,50 0,01 1,17 1,87 5,38 88,25 25,27
15 2,80 0,55 0,01 1,24 1,88 5,69 87,83

120 10 2,82 0,54 0,01 1,23 1,90 5,60 87,89 27,80
15 2,86 0,57 0,01 1,19 1,84 5,79 87,75

168 10 2,90 0,55 0,02 1,20 1,83 5,82 87,68 29,13
15 2,95 0,59 0,02 1,20 1,83 6,04 87,38

240 10 2,80 0,57 0,01 1,19 1,78 5,79 87,87 30,01
15 2,88 0,60 0,01 1,22 1,79 6,04 87,47

360 10 2,98 0,58 0,01 1,09 1,78 5,85 87,70 31,72
15 2,98 0,62 0,01 1,15 1,79 6,12 87,33

480 10 2,87 0,58 0,02 1,15 1,82 5,80 87,77 31,59
15 2,90 0,62 0,02 1,18 1,82 6,05 87,41
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Tabmuus b.4 — 3anexHicTsh ckiaay piakux (a3 micias po3UMHEHHS MPOYKTIB KOHBEPCIi 1 CTyIeHsl KOHBepcCii JaHTOenHITY (o) BiA
TPUBAJIOCTI Mpoliecy 3a Temneparypu 313 K

Yac
Yac, roa. | po3uMHEHHS, Cknag pinkux ¢asz, mac. %

XB. o, %
K* Mg~ Ca”™ Na* CI SO~ H,O

0 10 2,20 0,19 0,01 1,40 1,97 3,71 90,52 17,64
15 3,07 0,25 0,01 0,91 1,97 3,99 89,80

24 10 2,65 0,37 0,02 1,16 1,89 4,65 89,26 14,13
15 2,17 0,42 0,02 1,11 1,89 4,86 88,94

48 10 2,75 0,43 0,02 1,20 1,84 5,12 88,65 18,71
15 2,66 0,47 0,02 1,20 1,85 5,18 88,62

72 10 2,85 0,47 0,02 1,27 2,00 5,36 88,02 22,38
15 2,74 0,51 0,02 1,28 1,88 5,56 88,01

120 10 2,81 0,50 0,03 1,18 1,85 5,45 88,18 24,68
15 2,83 0,54 0,03 1,20 1,86 5,66 87,88

168 10 2,86 0,51 0,02 1,24 1,91 5,59 87,88 25,30
15 2,98 0,54 0,03 1,20 1,90 5,80 87,95

240 10 2,88 0,52 0,03 1,14 1,83 5,60 87,99 26,69
15 2,94 0,56 0,03 1,13 1,82 5,81 87,71

360 10 2,66 0,54 0,03 1,33 1,88 5,71 87,84 27,63
15 2,93 0,57 0,03 1,17 1,87 5,83 87,59

480 10 2,75 0,52 0,02 1,20 1,83 5,53 88,15 26,42
15 2,87 0,56 0,03 1,19 1,84 5,77 87,75
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Tabmuis b.5 — 3anexHicTh ckiany piakux (a3 mcis po3unHEeHHS IPOAYKTIB KOHBEpCIi 1 CTyneHs KOHBepcii TaHTOeHHITY (o) Bif
TPUBAJIOCTI MpoIliecy 3a Temneparypu 323 K

Yac
Yac, ron. | po34MHEHHS, Cknan pinkux ¢asz, mac. %

XB. o, %
K* Mg Ca™ Na* CI SO, H,0

0 10 2,20 0,19 0,01 1,40 1,97 3,71 90,52 17,64
15 3,07 0,25 0,01 0,91 1,97 3,99 89,80

24 10 2,46 0,34 0,01 1,27 1,83 4,56 89,46 11,33
15 2,58 0,38 0,01 1,26 1,78 4,90 89,09

48 10 2,61 0,43 0,01 1,18 1,81 4,94 89,03 19,07
15 2,69 0,48 0,01 1,19 1,80 5,22 88,65

72 10 2,69 0,48 0,01 1,22 1,78 5,33 88,50 20,34
15 2,70 0,45 0,01 1,42 1,89 5,52 88,01

120 10 3,00 0,55 0,01 1,25 1,91 5,90 87,39 28,27
15 2,99 0,57 0,01 1,22 1,87 5,93 87,41

168 10 2,70 0,59 0,02 1,45 1,99 6,01 87,25 31,25
15 3,83 0,61 0,02 0,84 1,99 6,21 86,50

240 10 3,03 0,59 0,02 1,09 1,80 5,89 87,60 31,86
15 3,07 0,62 0,02 1,14 1,82 6,14 87,21

360 10 2,99 0,61 0,02 1,19 1,92 6,00 87,28 32,98
15 3,09 0,62 0,02 1,19 1,87 6,23 86,99

480 10 3,09 0,60 0,02 1,25 1,89 6,23 86,88 32,88
15 3,10 0,63 0,02 1,26 1,90 6,32 86,77
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Tabmuus b.6 — 3anexHicTh ckaagy piakux (a3 micias pO3UMHEHHs MPOAYKTIB KOHBEPCIi 1 CTyNeHsl KOHBEpCli JaHTOSHHITY (o) B
TPUBAJIOCTI Mpoliecy 3a Temneparypu 333 K

Yac
Yac, ros. | po3YMHEHHS, Ckunan piakoi ¢gazu, mac. %

XB. o, %
K* Mg~ Ca”™ Na* CI S0,~ H,0

0 10 2,20 0,19 0,01 1,40 1,97 3,71 90,52 17,64
15 3,07 0,25 0,01 0,91 1,97 3,99 89,80

24 10 2,66 0,28 0,01 1,20 2,05 4,10 89,71 6,23
15 2,68 0,32 0,01 1,18 1,99 4,35 89,47

48 10 2,47 0,30 0,01 1,14 1,82 4,16 90,11 8,48
15 2,54 0,35 0,01 1,12 1,82 4,40 89,77

72 10 2,59 0,32 0,01 1,17 1,85 4,40 89,66 9,50
15 2,58 0,36 0,01 1,21 1,85 4,65 89,33

120 10 2,58 0,32 0,01 1,28 1,90 4,58 87,32 10,05
15 2,60 0,37 0,01 1,22 1,88 4,67 89,25

168 10 2,61 0,33 0,02 1,28 1,90 4,68 89,17 11,15
15 2,73 0,38 0,02 1,24 1,91 4,91 88,81

240 10 2,58 0,36 0,01 1,25 1,87 4,72 89,20 13,09
15 2,66 0,40 0,01 1,27 1,93 4,91 88,82

360 10 2,73 0,39 0,01 1,23 1,94 4,88 88,82 15,48
15 2,74 0,43 0,02 1,27 1,94 5,13 88,48

480 10 2,84 0,42 0,02 1,24 2,02 5,04 88,42 16,77
15 2,92 0,43 0,02 1,23 1,99 5,21 88,20
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Tabmums B.1 — 3anexuicTs ckinaay piakux (a3 micist po3YMHEHHs MPOAYKTIB KOHBEpCIi 1 cTymeHs KOHBepcii (o) JTaHrOeHHITY
PI3HOTO TPAHYJIOMETPUIHOTO CKJIaly BiJl TPUBAJIOCTI mpoliecy 3a temneparypu 303 K

Yac
Yac, rog. | po3uyHMHEHHS, Cknan pinkux ¢a3, mac. %
XB. o, %
K* Mg~ Ca™ Na* CI SO,~ H,0
Opakiis 1-3 MM
0 10 2,20 0,19 0,01 1,40 1,97 3,71 90,52 17,64
15 3,07 0,25 0,01 0,91 1,97 3,99 89,80
120 10 2,82 0,62 0,09 1,06 1,55 6,26 87,60 46,48
15 2,81 0,68 0,05 1,07 1,55 6,40 87,43
240 10 2,96 0,71 0,11 1,01 1,61 6,63 8697 55,20
15 2,98 0,76 0,06 0,98 1,59 6,71 8692
Opaxiis 3-5 MM
0 10 2,20 0,19 0,01 1,40 1,97 3,71 90,52 17,64
15 3,07 0,25 0,01 0,91 1,97 3,99 89,80
120 10 2,82 0,55 0,08 1,06 1,70 5,76 88,01 36,90
15 2,69 0,57 0,04 1,05 1,66 5,60 88,38
240 10 2,81 0,68 0,05 0,99 1,54 6,25 87,67 50,75
15 2,85 0,71 0,04 0,95 1,53 6,34 87,57
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Tabmums B.2 — 3anexuicTs cTymeHs rigpartailli JaHrOeiHiTy, B MPUCYTHOCTI HATpil0 Cynb(ary, MIEHITOBUM PO3YHMHOM 3
no6aBIeHHAM 0€3BOIHOTO HATPIIO CyJibdaTy 1 6€3 HbOTr0, BIJ TPUBAJIOCTI Ipoiiecy 3a Temieparypu 313 K

Yac
Yac, rog. | po34MHEHHS, Cknan pinkoi dasu, mac. %
XB. o, %
K* Mg~ Ca”™ Na* CI SO,” H,O
[Npapararris JaHrOCHITY
0 10 2,20 0,19 0,01 1,40 1,97 3,71 90,52 17,64
15 3,07 0,25 0,01 0,91 1,97 3,99 89,80
24 10 2,89 0,57 0,01 0,00 1,98 3,11 91,45 23,56
15 2,94 0,69 0,01 0,00 1,99 3,42 90,95
48 10 3,23 0,75 0,01 0,00 2,27 3,42 90,32 32,98
15 3,27 0,78 0,01 0,09 2,35 3,75 89,92
72 10 3,14 0,68 0,01 0,04 2,06 3,86 90,21 35,15
15 3,17 0,74 0,01 0,07 2,09 4,16 89,77
120 10 3,44 0,79 0,01 0,09 2,18 4,22 89,46 37,26
15 3,46 0,85 0,01 0,07 2,20 4,24 88,70
168 10 3,19 0,84 0,01 0,00 2,32 4,27 89,30 38,68
15 4,13 0,84 0,01 0,01 2,26 4,588 88,56
240 10 3,57 0,68 0,01 0,02 2,38 4,28 88,92 40,20
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15 3,60 0,69 0,02 0,25 2,43 4,47 88,54

360 10 3,66 0,77 0,01 0,11 2,44 4,41 88,31 41,58
15 3,61 0,75 0,02 0,06 2,36 4,67 88,42

480 10 3,63 0,79 0,02 0,04 2,38 4,72 88,42 42,00
15 3,62 0,80 0,02 0,05 2,40 4,77 88,34

[Mapararis naHrOCHHITY 3a y4acTi HaTpito cyibdaTy

0 10 2,20 0,19 0,01 1,40 1,97 3,71 90,52 17,64
15 3,07 0,25 0,01 0,91 1,97 3,99 89,80

24 10 2,65 0,37 0,02 1,16 1,89 4,65 89,26 14,13
15 2,77 0,42 0,02 1,11 1,89 4,86 88,94

48 10 2,75 0,43 0,02 1,20 1,84 5,12 88,65 18,71
15 2,66 0,47 0,02 1,20 1,85 5,18 88,62

72 10 2,85 0,47 0,02 1,27 2,00 5,36 88,02 22,38
15 2,74 0,51 0,02 1,28 1,88 5,56 88,01

120 10 2,81 0,50 0,03 1,18 1,85 5,45 88,18 24,68
15 2,83 0,54 0,03 1,20 1,86 5,66 87,88

168 10 2,86 0,51 0,02 1,24 1,91 5,59 87,88 25,30
15 2,98 0,54 0,03 1,20 1,90 5,80 87,55

240 10 2,88 0,52 0,03 1,14 1,83 5,60 87,99 26,69
15 2,94 0,56 0,03 1,13 1,82 5,81 87,71
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360 10 2,66 0,54 0,03 1,33 1,88 571 87,84 27,63
15 2,93 0,57 0,03 1,17 1,87 5,83 87,59

480 10 2,75 0,52 0,02 1,20 1,83 5,53 88,15 26,42
15 2,87 0,56 0,03 1,19 1,84 577 87,75

[Naparariis 1aHrOCHHITY B IEHITOBOMY PO34HHI 3 J00ABJIEHHAM 0€3BOJIHOTO HATPIIO CYJIb(aTy

0 10 2,43 0,32 0,01 1,30 2,38 3,77 89,79 29,43
15 2,45 0,38 0,01 1,28 2,46 3,87 89,55

24 10 2,43 0,43 0,01 1,36 2,42 4,25 89,11 8,75
15 2,49 0,47 0,01 1,33 2,42 4,45 88,83

48 10 2,42 0,46 0,01 1,35 2,39 4,40 88,97 11,57
15 2,51 0,50 0,01 1,33 2,38 4,63 88,64

72 10 2,66 0,48 0,01 1,30 2,44 4,59 88,52 13,56
15 2,63 0,53 0,01 1,31 2,42 4,78 88,32

120 10 2,61 0,49 0,01 1,30 2,42 4,59 88,58 14,37
15 2,63 0,54 0,01 1,36 2,44 4,90 88,13

168 10 2,71 0,51 0,01 1,31 2,50 4,72 88,24 16,13
15 2,76 0,55 0,01 1,29 2,49 4,92 87,98

240 10 2,94 0,53 0,01 1,17 2,47 4,81 88,08 17,59
15 2,12 0,57 0,01 1,34 2,50 5,00 87,87

360 10 2,67 0,57 0,01 1,41 2,45 4,91 88,04 15,95
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15 2,75 0,55 0,01 1,39 2,47 5,12 87,71
480 10 2,69 0,51 0,01 1,17 2,42 4,48 88,73 15,49
15 2,81 0,55 0,01 1,35 2,45 511 87,73
INpaparanis naHrOeiHITY B IIEHITOBOMY PO34MHI O€3 HaTpito cyibdary
0 10 2,71 0,36 0,01 0,29 2,88 1,46 92,29 26,11
15 2,79 0,40 0,01 0,25 2,88 1,70 92,00
24 10 2,90 0,47 0,01 0,21 2,86 2,00 91,55 8,1
15 2,91 0,52 0,01 0,24 2,85 2,27 91,22
48 10 2,81 0,52 0,01 0,20 2,75 2,20 91,52 114
15 2,85 0,57 0,01 0,21 2,74 2,49 91,13
72 10 3,04 0,52 0,01 0,15 2,84 2,28 91,16 11,87
15 3,06 0,57 0,01 0,17 2,82 2,57 90,80
120 10 2,98 0,56 0,01 0,22 2,86 2,46 90,91 14,41
15 3,09 0,60 0,01 0,19 2,84 2,76 90,51
168 10 3,16 0,58 0,01 0,18 2,93 2,99 90,55 15,62
15 3,24 0,62 0,01 0,17 2,91 2,84 90,23
240 10 3,07 0,59 0,01 0,23 2,89 2,67 90,55 16,67
15 3,07 0,63 0,01 0,21 2,85 2,87 90,36
360 10 3,30 0,62 0,01 0,24 3,00 2,93 89,91 18,7
15 3,31 0,65 0,01 0,25 2,99 3,14 89,65
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480 10 3,35 0,67 0,01 0,20 2,93 3,21 89,64 22,26
15 3,39 0,07 0,01 0,21 2,93 3,43 89,33
Jonatok B
Tabmuug B.3 — 3anexHICTh cTyneHs Trifparaiii Ki3epuTy 3 HaTpito Cyiab(haToM 1 Kadilo XJOPUAOM BIJ TPUBAJIOCTI MPOLECY 3a
temneparypu 313 K
Yac
Yac, roa. | pO3UYMHEHHS, Cknan pinkux ¢as, mac. %
XB. a, %
K* Mg** Ca™ Na* CI SO, H,O
0 10 1,55 0,26 0,00 3,97 6,06 3,04 85,12 44,36
15 1,53 0,28 0,00 1,03 6,09 3,18 84,88
24 10 1,56 0,45 0,00 3,89 5,98 3,73 84,39 31,29
15 1,50 0,47 0,00 3,94 6,03 3,78 84,27
48 10 1,49 0,56 0,00 3,86 5,88 4,18 84,02 48,76
15 1,50 0,57 0,00 3,86 5,87 4,20 84,00
72 10 1,64 0,60 0,00 3,83 5,94 4,35 83,64 57,54
15 1,60 0,61 0,00 4,79 7,39 4,37 81,24
120 10 1,57 0,66 0,00 3,89 6,01 4,55 83,32 57,46
15 1,64 0,56 0,00 4,00 5,94 4,55 83,30
168 10 1,63 0,69 0,00 3,82 5,91 4,70 83,26 70,54
15 1,65 0,70 0,00 3,78 5,89 4,71 83,28
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240 10 1,58 0,71 0,00 3,81 5,88 4,77 83,28 73,03
15 1,57 0,71 0,00 3,79 5,85 4,73 83,34

360 10 1,58 0,69 0,00 3,85 5,88 4,76 83,24 70,70
15 1,58 0,69 0,00 3,87 5,91 4,77 83,17

480 10 1,65 0,69 0,00 3,84 5,94 4,76 83,11 71,46
15 1,60 0,70 0,00 3,87 5,93 4,78 83,12
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Tabmumg .1 — Pe3ynbraty po34MHEHHS KOHBEPTOBAHOI MOJIIMIHEPAIbHOI KaIlHHOI PyAW 3 Kajilo XJOPUJIOM B IIEHITOBOMY
PO3YKHI 3a PI3HUX TEMIIEPATyp Ta CIIBBIIHOIIEHD 1:P

Cknan pinkux ¢asz, mac. %
Yac, xa K* Mg Ca™ Na* CI SO, H,O
T:P=1:.2; 313K
10 4,92 3,64 0,03 4,40 15,06 9,27 62,68
15 4,83 3,68 0,03 4,18 15,03 8,83 63,42
20 4,93 3,76 0,03 4,34 15,48 9,02 62,44
25 4,69 3,69 0,03 4,37 15,32 8,72 63,18
30 4,75 3,59 0,03 4,45 15,14 8,79 63,26
45 4,66 3,56 0,03 5,69 15,34 9,34 62,29
T:P=1:2; 323 K
10 512 3,66 0,03 4,31 14,94 9,53 62,41
15 5,18 3,68 0,03 4,42 15,22 9,54 61,93
20 5,15 3,60 0,03 4,57 15,47 9,13 62,05
25 4,82 3,56 0,03 4,48 15,44 8,47 63,20
30 4,82 3,54 0,03 4,37 15,48 8,06 63,70
45 4,60 3,51 0,03 4,39 15,63 7,51 64,34
T:P=1: 2; 333 K
10 5,29 3,52 0,03 4,74 15,12 9,89 61,41
15 512 3,51 0,03 4,48 14,99 9,26 62,62
20 5,97 3,98 0,04 5,45 17,78 10,46 56,31
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25 511 3,41 0,03 4,70 15,42 8,77 62,56
30 5,05 3,53 0,03 4,64 15,55 8,85 62,34
45 4,92 3,37 0,03 4,74 15,57 8,24 63,14
T:P=1:2; 343 K
10 5,18 3,47 0,03 4,78 15,12 9,65 61,76
15 5,28 3,55 0,03 5,33 16,28 9,68 59,85
20 5,52 3,70 0,03 4,90 16,23 9,71 59,91
25 5,66 3,75 0,03 4,88 16,25 9,97 59,46
30 6,97 4,56 0,03 9,61 20,04 11,86 50,62
45 5,87 3,84 0,03 5,23 17,27 9,99 57,77
T:P=1: 2; 353 K
10 5,27 3,80 0,02 4,56 15,44 10,14 60,76
15 4,89 3,77 0,02 4,81 15,43 10,09 61,00
20 5,57 3,76 0,02 4,70 15,45 10,07 60,43
25 5,75 3,76 0,02 4,33 15,49 10,05 60,60
30 5,33 3,76 0,02 541 15,46 9,94 60,97
45 5,36 3,73 0,02 4,38 15,37 9,72 61,43
T:P=1:1,8; 323 K
10 517 3,65 0,03 4,29 14,97 9,53 62,36
15 5,08 3,65 0,03 4,36 14,95 9,62 62,31
20 4,95 3,60 0,03 4,09 14,90 8,73 63,7
25 4,81 3,57 0,02 4,10 15,07 8,25 64,18




[Tponorxenus tadma. I'.1.

171

30 5,64 4,28 0,03 5,03 18,49 9,37 57,16
45 4,67 2,85 0,02 2,65 12,29 5,93 71,59
T:P=1:1,6; 323 K
10 5,24 3,78 0,02 3,44 14,80 8,59 64,13
15 5,22 3,86 0,03 4,08 14,99 9,93 61,89
20 5,02 3,77 0,02 4,06 14,95 9,37 62,81
25 4,99 3,77 0,02 4,00 15,29 8,72 63,21
30 4,77 3,76 0,03 4,13 15,70 8,15 63,46
45 4,55 3,61 0,02 4,16 15,62 7,46 64,58
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Tabmums .2 — Pesynbratu po34yMHEHHS KOHBEPTOBAHOI IMOJIMIHEPAIbHOI KaJdldHOI pyaM 3 Kallilo XJOPHUJIOM Ta HaTpid

cyJb(aToM B IIEHITOBOMY PO3UHHI

Yac, xB Cxnan pigkux ¢as, mac. %

K* Mg Ca” Na* CI SO,” H,O

T:P=2:1; + 10r Na,SO, 323 K
10 4.77 3,63 0,02 4,42 14,59 9,74 62,83
15 4,77 3,60 0,02 4,44 14,52 9,72 62,93
20 4,83 3,59 0,02 4,35 14,59 9,52 63,1
25 4,64 3,55 0,02 4,31 14,64 8,94 63,9
30 4,56 3,46 0,02 4,42 14,89 8,40 64,25
45 4,37 3,43 0,02 4,52 15,24 7,76 64,66

T:P=2:1; + 20r Na,S0O, 323 K
10 4,62 3,49 0,02 4,77 14,15 10,35 62,6
15 4,34 3,57 0,02 5,20 14,70 10,45 61,72
20 4,74 3,52 0,02 4,61 14,31 10,01 62,79
25 4,65 3,46 0,02 4,59 14,5 9,36 63,42
30 4,40 3,42 0,02 4,68 14,67 8,87 63,94
45 4,34 3,38 0,02 4,80 15,14 8,29 64,03
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Tabmuig I'.3 — Pe3ynpTat po34ynHEHHsS] KOHBEPTOBAHO1 MOJIIMIHEPATBHOT KaTIHHOT pyAu 3 KaJIil0 XJOPUJIOM 3a PI3HOI KUIBKOCTI
HaTPIO CyJb(daTy B MEeHITOBOMY po3urHi 3a 323 K 1 TpuBajIocTi po3uynHEHHS 15 XB

Cknag pinkux ¢asz, mac. %
Yac, xB . - - . _ 5
K Mg Ca Na Cl SO, H,O
T:P=1:1,8
15xB 4,88 3,71 0,02 4,07 14,71 9,31 63,30
p. daza 3,27 3,38 0,02 4,41 15,46 5,68 67,78
TB. (haza 16,57 5,38 0,07 4,04 7,55 40,02 26,37
T:P=1:1,8; + 10r Na,SO,
15xB 5,01 3,71 0,02 4,21 14,45 10,07 62,53
p. daza 3,43 3,40 0,02 4,17 15,47 5,43 68,09
TB. (haza 17,48 5,64 0,08 2,92 6,33 41,51 26,02
T:P=1:1,8;+ 20r Na,SO,
15xB 461 3,63 0,02 4,55 14,37 10,12 62,69
p. dhaza 3,55 3,38 0,03 4,32 14,98 6,26 67,69
TB. (haza 16,67 5,39 0,07 3,60 6,57 40,57 27,14
T:P=1:1,8; + 30r Na,SO,
15xB 4,38 3,64 0,03 4,91 14,56 10,36 62,14
p. dhaza 3,02 3,10 0,02 511 14,94 6,45 67,36
TB. (haza 16,88 5,30 0,08 3,22 6,62 39,63 28,27
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Ta6mumg .4 — Pe3ynbratu po3ynHEHHs KOHBEPTOBAHOI MOJIMIHEPAIBHOI KaJIIMHOI PYJX 3a Y4acTIO Kalilo XJOPUAY Ta PI3HOI

KUIBKOCTI O1110¢hiTy B IIeHITOBOMY po3unHi 3a 323 K 1 TpuBanocti po3unHeHHs 15 XB

Cknap pinkux ¢az, mac. %
Yac, xB - > o7 + - o
K Mg Ca Na Cl SO, H,O
T:P=1:1,8; +15r MgCl,-6H,0
15xB 5,10 3,90 0,02 4,07 15,18 9,68 62,05
p. dhaza 3,57 3,69 0,02 3,97 16,00 5,64 67,10
TB. aza 16,70 5,10 0,1 3,61 8,88 36,44 29,17
T:P=1:1,8; + 30r MgCl,-6H,0
15xB 4,96 4,08 0,02 3,80 15,28 9,54 62,30
p. dhaza 3,40 3,89 0,02 3,61 15,81 5,75 67,51
TB. aza 18,33 6,04 0,16 5,45 12,19 41,67 16,15
T:P=1:1,8; + 45r MgCl,-6H,0
15xB 4,98 4,34 0,02 3,71 15,83 9,64 61,48
p. dhaza 3,36 441 0,02 2,92 15,39 6,87 67,02
TB. (haza 22,69 4,34 0,12 2,04 15,31 28,83 29,67
T:P=1:1,8; + 40r MgC|26H20
15xB 4,59 3,55 0,02 4,85 13,65 11,37 61,97
p. daza 3,24 3,69 0,03 4,05 14,46 5,72 67,00
TB. aza 15,73 5,41 0,09 4,84 9,75 37,84 26,33
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AKT
NpPo BUKOPHUCTAHHS (BIPOBAJKEHHSI) Pe3yJIbTaTIB
aucepranininoi poborn «Onepxanns 6e3xT0puAHOro KajJiiHoro 1006puBa
Ccyab(PaTHOIO KOHBEPCICI0 KaJNIHHO-MArHIEBUX Py/I»
apropa Cambopcebkoi Mapii IropiBuu

Kowmicis B cknani
I"'onosa: ®ab'sk [Ban CtenanoBUY, rOJIOBHUH 1HIKEHEP.
Ynenu komicii: [lpanosceka Apera BacusiBha, rigporeoJor;
Moruka Opect MukonaiioBud, CT. MapKiiIeiaep.

Cxyanu ne#t akt npo Te, L0 pe3yabTaTH AUCepTaliiHOl poboTu «OpepKaHHs
Ge3xJopuIHOTO KaiifHoro no6puBa cyabhaTHOIO KOHBEPCIE€IO KalliMHO-MarHieBIX
pya» aBropa Cambopcbkoi Mapii IropiBuu, sika nmogana Ha 3000yTTsS HayKOBOTO
CTYNeHs KaHAWJaTa TEXHIYHUX HAyK, PO3IJIAHYTI KOMiciero i GyxyTh BUKOpUCTaHI
miz yac pospobierns TEO BiAHOBNEHHA BUpOOHMLTBA GE3XJIOPUAHMX KaiHHO-
MarHieBux a06puB Ha 0asl roMiMiHEpaNbHUX KalilHUX Ppya MpUBAaTHOTO
nianpuemcrsa «CtebHMLBKE ripHAYO-XiMiYHe mianpueMcTBo «[lonimMinepamy.

3a pesynbTaTamMu po3poOKku aBTOPOM OTpMMaHMit mateHT Ykpainu Nel(06926
«Crioci6 onepykaHHsA LIEHITY 3 MOJIMIHEPATBHOT KaTilMHOT pYyn»,3asBKy MOJaHO
18.02.13; ony6nikosano. 27.10.14, Bron. Ne 20.

BukopyictanHs pe3yibTaTiB AMCEPTALIAHOrO I0C/IKEHHS 1acTh 3MOTY 3HAYHO
CKOPOTHTH  TEXHOJOIIYHY CXeMy 3aKiajieHy Yy TIPOeKT peKOHCTPYKLi
MIANPUEMCTBA, YHUKHYTH YTBOPEHHA Ta  HeOOXimHOCTI BUIIAPIOBaHHS
HAJUTMIIKOBHX LICHITOBMX PO3YHHIB i MOB’A3aHUX 3 HUM BUTPAT €HEProHOCIiB i
KamiTagbHUX BHTPAT, 30UIBIUMTH BHUTAT IHHMX KOMIOHEHTIB i3 pyau B
GesxyopuaHe KaniiHO-MarHieBe AOGPHBO, Ta IHIII MPOXYKTH, MiABMIIATH iX
AKIETR, @ TAKOXK MIJABUIUIMTH EKOJOTIYHICT BHPOGHHULITBA 3aBIAKH BUKOPHUCTAHHIO



